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PREFACE. 


J.4ND  SunTKiisG  is  perhaps  the  oldest  of  tlie  mtthcmatii-al  aits  Indeed, 
Gei  metry  itself,  as  its  nime — '  Land  meRSunng  ' — raphes,  is  said  to 
haie  •iiiwn  ftom  the  efforts  of  the  Egyptian  sngea  to  iB^over  and  to  fix 
the  knimirliS  annually  swept  away  by  the  inunditions  of  the  Nile 
The  ait  1=  also  one  of  the  mo'it  impoitaut  it  the  present  Jiy,  19  detep- 
mmmg  the  ti'le  to  hnJ,  the  foimdatioa  of  the  whole  wealth  of  the 
woiH  It  IS  hasidcs  one  of  the  most  useful  as  1  --tuly,  fiom  its 
btrikinjj;  exemphfieatjono  of  the  pianatioal  heairags  of  ahstiaLt  matliomatii-s 
But,  strangely  enough.  Surveying  has  noyer  yet  been  reduced  to  a  system- 
atic and  symmetric  whole.  To  effect  this,  hy  basin^'  the  ait  on  a  few 
simple  principle^  and  tracing  them  out  info  thcii  complicated  ramifications 
and  varied  application.?  (which  estend  from  the  mea^uieniont  of  "a  mow- 
ing lot  "  to  tliat  of  the  Heavens),  has  been  the  earnest  endeavor  of  tha- 
present  writer. 

The  work,  in  its  inception,  grew  out  of  the  authoi's  own  ni.i  Is.  Teach- 
ing Surveying,  as  preliminary  to  a  course  of  Civil  Engineering,  lie 
found  none  of  the  boolis  In  use  (though  very  escellent  in  many  respects) 
suited  fo  his  purpose-  He  was  therefore  compelled  to  teach  the  subject 
by  a  oorabinitiott  of  firailiar  lectures  on  its  pnnoples  anl  exemplifioa- 
tiona  of  its  practue  His  notes  continually  swtUing  u  bulk  gradually 
became  syli-mitizoj  m  neirly  tteii  piesenttoim  and  in  lb51  he  printed 
a  synopsis  of  them  fui  tlie  u^e  of  his  classes  His  systLin  has  thus 
been  fully  tested   ind  the  piesent  volume  is  the  result 
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{V  lAffiD-SEKVEIMG. 

A  double  object  has  booa  kept  in  view  in  its  preparation;  viz.  to 
produce  a  very  plain  introduotion  to  the  autjact,  easy  to  be  mastered  by 
the  young  scholar  or  the  practical  man  of  little  previous  aoquiroinent, 
tho  only  pre-reijuisites  being  arithmetic  and  a  little  geometry ;  and  at  the 
same  time  to  make  tho  jiiatruction  of  such  a  eharaater  aa  to  lay  a  founda 
Uon  broad  enough  and  deep  enough  for  the  roost  complete  superstructure 
which  the  professional  student  may  subsequently  wish  to  raise  upon  it 


For  the  convenience  of  tnose  wishing  to  make  a  hasty  examination  of 
the  book,  a  summary  of  some  of  its  leading  points  and  most  peculiar 
features  will  here  be  given, 

I,  All  the  operations  of  Surveying  are  deduced  from  only  Jive  simple 
principles.  These  principles  are  enunciated  and  illustrated  in  Chapter  1, 
of  Part  I.  They  will  he  at  once  roeogaized  by  the  Geometer  as  familiar 
systems  of  "Co-ordinates;''  hut  they  were  not  hero  arbitrarily  assumed  in 
advance  They  were  anived  at  most  practically  ly  analyzing  all  the 
numerous  and  incongnions  methods  and  contiivanees  employed  in  Sur- 
veying, and  rejecting,  one  after  another,  all  extraneous  and  non-essential 
portions,  thus  reducing  down  the  operations,  one  by  one  and  step  by 
step,  to  more  anil  more  general  and  comprehensive  laws,  till  at  last, 
by  continual  elimination,  they  wore  unespectedly  resolved  into  these 
few  and  simple  principles;  uiinn  which  it  is  hfio  attumptcd  to  build  up 
a  symmetrical  system. 

II.  The  three  operations  common  to  all  kinds  of  Land-surveying,  viz. 
Making  tho  Measurements,  Drawing  the  Maps,  and  Calculating  tho 
Contents,  are  fully  examined  in  advance,  in  Part  I,  Chapters  2,  3,  4; 
so  that  when  the  various  methods  of  Surveying  are  subsequently  taken 
up,  only  tho  few  new  points  which  are  peculiar  to  oacb,  require  to  he 

Each  kind  of  Surveying,  founded  on  one  of  the  five  famlamental  priii- 
eiples,  is  then  esplained  in  its  turn,  in  the  suoceisivo  I'arts,  and  each 
oatefuUy  kept  distinct  from  the  rest. 
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Preface.  T 

HI.  A  eomplete  system  of  Surveying  with  only  a  eiain,  a  rope,  oi 
sny  substitute,  (iuvaluable  to  farmers  having  no  other  instruments,)  ia 
very  folly  developed  in  Part  II. 

IV.  The  various  Problems  in  Chapter  5,  of  Put  II,  will  Ib  fnuna 
to  constitute  a  course  of  practical  Geometry  on  the  giound  As  so  no 
of  their  demonstrations  involve  the  "Theory  of  Tranfc verbals,  etc,"  (a 
beautiful  supplement  to  the  ordinary  Geometry),  a  carefully  digested 
summary  of  its  principal  Theorems  is  here  given,  for  thn  Si^t  time  in 
English,     It  will  be  found  in  Appendix  B. 

V.  In  Compass  Surveying,  Part  lU,  the  Keld  work,  in  Chapter  3, 
b  adapted  (o  our  American  praetiee  ;  some  new  modes  of  platting  bear- 
ings are  given  in  Chapter  4,  and  in  Chapter  6,  the  rectangular  method 
of  calculating  contents  is  much  simplified. 

VI.  The  olTeots  of  tha  eoatinual  change  in  the  Variation  of  the  mag 
netio  needle  upon  the  surveys  of  old  lines,  the  difficulties  oauseil  by  it, 
and  the  means  of  remedying  them,  are  treated  of  with  great  minuteness 
of  practical  detail.  A  new  table  has  been  calculated  for  the  time  of 
"greatest  Azimuth,"  those  in  oommoa  use  being  the  samy  as  the  one 
prepared  by  Gummere  in  1S14,  and  consequently  greatly  in  error  now 
from  the  chango  of  place  of  the  North  Star  since  that  date. 

VII  In  Part  IV,  in  Chapter  1.  the  Transit  and  Theodolite  are 
psplained  in  every  point];  in  Chapter  2,  all  forms  of  Verniers  are  shewn 
by  numprous  engravings;  and  in  Chapter  3,  the  Adju&tments  are 
elucidated  by  some  novel  modes  of  illustration. 

VIII  In  Part  VII,  will  be  found  all  the  best  methods  of  overcoming 
obstacles  to  sight  and  to  measurement  in  angular  Surveying 

IX.  Part  XI  contains  a  very  complete  and  systematic  collection  of 
the  principal  problems  in  the  Division  of  Land. 

X.  The  Methods  of  Surveying  the  Public  Lands  of  the  United  States, 
of  marking  lines  and  corners,  &e.,  are  given  in  Part  SII,  from  official 
documents,  with  great  minuteness;  since  the  subject  interests  so  nianj 
land-owners  residing  in  the  Eastern  as  well  as  in  tho  Western  States. 
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XI.  Tilt'  "Tables  conipriso  a  TVaverse  Table,  computecl  for  this  voltinie, 
.nd  ^ving  increased  aeouraoy  ia  one-fifteenth  of  the  usual  space;  a 
Table  of  Chords,  appearing  for  the  fii«t  time  in  English,  and  supplying 
he  most  accurate  method  of  platting  angles;  and  a,  Tahle  of  natural 
Sines  and  Tangents.  The  usual  Logarithmic  Tables  are  also  givei., 
The  tables  are  printed  on  tinted  paper,  on  the  eye-saving  principle  of 
Babbage. 

Sir.  The  great  number  of  engraved  Oust    t         m    t    f  th  m 
inai,  is  a  peculiar  feature  of  this  Tolume  t  d  ly  fh       p  t 

the  author  that  one  diagram  is  worth  a  j  f  j      t      cri  1 

and  definitecess  to  the  otherwise  vague  \i  I       tit 

SIII.  The  practical  details,  and  hi  t    t    th    y  S       y      h 

been  made  esceedingly  full  by  a  thorou  h  t        t  m       th      fifty 

works  on  the  subject,  by  English,  Fren  h      1  t     m     w  t  t 

make  it  certain  that  nothing  which  could  b         f  1  1    1  b  I    k  1 

It  would  be  impossible  to  credit  each  it       (tl     gh  th     h      b        m    t 
BcrupuloT-ly  done  n  the  few  cases      wh  h       Am  w  t     h     b 

refe  r  1  t  )   but  the  pr  no  pal  names  ar    th         Al         A     1      Bk 
Beg-t  Bel  he     Bo    geo     Eou    s   Br         B    £f   B         C    t       T 
eoe        r  on  e    frail  a  th    T  bson     Guy    H        1    J    U         L       tt 
Lefev  e   Ma.  h  ron    Nar  Ne  Ht  P  PUP  t   B  g 

n  ulf    R  1     IS     et  S  Steven        W     1     I    'V^  11 

Should  any  important  error,  either  of  p     t  th      b    d  d 

(ft9  is  very  possible  in  a  work  of  so  mu  h  d  t   1    1  'ij  t    th    g     t 
ueed)  the  writer  would  be  much  obliged  ly  f    p    mjt     mm         t 

The  pres'i'iit  voluma  will  bo  followed  by  another  on  IiEvellixg  and 
HiOHER  S'jRVBYiNa:  embracing  Levelling  (with  Spirit-Love] ,  Theodo- 
lite, Barometer,  etc.)  ;  its  applications  in  Topography  or  Hill-drawing, 
in  Mimng  Surveys,  etc. ;  the  Sextant,  and  other  reflecting  instruments ; 
ifarifime  Surveyinfr;  and   GKodesy,  with  its  practical  Asti'onoin"- 
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GE^^ERAL  DIVISION  OF  THE  SUBJECT. 
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TO  TEA  CUBES  AND  STUDENTS. 


At  it  it  detirable  to  obiain,  at  ilie  earlieai  ptiMHile  period,  d  ett^dent  knoutledge  qf  Ihs  ffemr^ 
prlndpUa  of  Surpeying  to  conintence  Us  practice,  E^  Stjidetu  at  hia  first  reading  nay  omit  tfu 
vorlions  Indlcalsd  belmc,  and  take  them  up  iiiisiguHals  m  coaneclion  icith  his  reticle  of  Ms  tcudiei, 
Th  sime  omistoo)  nui/  be  utade  bt/  Teacheri  ahoie  elasies  tote  oniy  a  ehort  time  for  Oiit  tludg. 

Ill,  PART  I,  omit  enl)  Jniclte  («),  (47),  (IS),  (51),  (TiJ),  (8J),  (8S), 

In  FART  II,  omit,  bi  ampler  IV,  QSt),  03ei,  0.m,(f3«l;  ani  iit  a<i,ptsr  V,  lean,  at  firii 
ander  each  Proilaa,  anli/  one  or  urn  o/tie  limpler  meAodi 

In  FART  HI,  omit  on!;)  ^25),  (SaS),  9M),  <i3S),  <3M).  l351),  (580),  (SS7),  (303) 

mm  pais  over  PART  IV i  and  in  FART  V,  tahi  only  (379),  (380) ;  and  (391)  to  {39SV 

Ttm,  pats  over  FART  VI;  ani  go  to  PART  vn,  (if  the  etuimt  hia  iludicd  Trigonimitry^ 
Kd  omit  (1S3)(  (431)  to  (138);  ™d  all  of  Oiopter  IV,  except  (439)  astdt^fi). 

PART  VIII  way  be  pasiei  ocar;  and  FARTS  IX  and  X  may  be  taken  in  full. 

Ill  PART  XI,  lalte  all  tif  Chapter  J;  and  (tj  Chapters  II  and  111,  take  onhi  tin  simpler  cen 
moetiMS,  w,t  omiUing,  homoer,  (517),  (518)  and  (538). 

In  FART  XII,  lale  (5*)),  (561),  (565),  (SSS). 

Afpendiz  C,  ei  LEVELLINQ,  miij  eenclude  this  abriJgm  Mw<t 
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PAST  I. 

GENERAL    PRINCIPLES 
FUNDAMENTAL    OPERATIONS 


DEFIHITIOHS  ASD  METHODS. 

(1)  SuEVETlNG  is  the  art  of  maliiiig  sucli  measnrementa  aa  wHl 
determine  tlie  relative  positions  of  any  points  on  the  surface  of  the 
earth ;  so  that  a  Map  of  any  portion  of  that  surface  may  be  drawn, 
and  its  Content  calculated. 

(^)  The  posiiien  of  a  point  is  said  to  ho  detenained,  when  it  is 
known  how  far  that  point  is  from  one  or  more  given  points,  and  in 
what  direction  there-from ;  or  how  far  it  is  in  front  of  them  oi 
behind  them,  and  how  far  to  their  right  or  to  their  left,  &o ;  so 
that  the  place  of  the  first  point,  if  lost,  could  be  again  found  by 
repeating  these  measurements  in  the  contrary  direction. 

The  "  pointa"  which  are  to  be  determined  in  Surveying,  are  not 
the  mathematical  points  treated  of  in  Geometry;  hut  the  comers 
of  fences,  boundary  stones,  treea,  and  tJie  lihe,  ■which  are  mere 
pointa  in  comparison  with  the  extensive  eiu^faces  and  areas  which 
they  are  the  means  of  determining.  In  strictness,  their  centre? 
should  be  regarded  as  the  points  alluded  to. 
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10  CEKEJIAL  i'KIiVtilPLES.  [pakt  i. 

(3)  A  straight  Line  is  "  determined,"  that  is,  has  its  length 
and  its  position  known  and  fixed,  when  the  points  at  its  extrem- 
ities are  determined ;  and  a  plane  Surface  has  iia  fonn  and  dimen- 
sions dotermined,  when  the  lines  which  bound  it  are  determined. 
Consequently,  the  determination  of  the  relative  positions  of  points 
ia  ail  that  is  necessary  for  the  principal  objects  of  Sun'eying ; 
which  are  to  make  a  map  of  any  surface,  such  as  a  field,  farm, 
state,  &c.,  and  to  calculate  its.  content  in  square  feet,  acres,  or 
Hquare  miles.  The  former  is  an  application  of  Drafting,  the  latter 
of  Mensuration. 

(4)  The  position  of  a  point  may  he  determined  hj  a  variety  of 
methods.  Those  most  frequently  employed  m  Surveying,  are  the 
following  ;  all  the  points  being  supposed  to  be  in  the  same  plane. 

(5)  First  Hetllftdi  Bi/  measuring  t/ie  distances  from  Hie  re- 
qairedpoint  to  two  given  points. 

Thus,  in  Fig.  1,  the  point  S  is  "  deter-  ^'^'  ^  ■ 

mined,"  if  it  ia  Icnown  to  be  one  inch  ,^''  \ 

from  A,  and  half  an  inch  from  B :  for,  ,-''  \ 

its  place,  if  lost,  could  be  found  by  de-      a-^^^^ 


scribing  two  arcs  of  circles,  from  A  and  E  as  centi-es,  and  with  the 
^ven  distances  as  raj3ii.  The  required  point  -would  be  at  the 
intersection  of  tliese  ares. 

In  applying  this  principle  m  surveying,  S  may  represent  any 
station,  such  as  a  comer  of  a  field,  an  angle  of  a  fence,  a  tree,  a 
house,  &c.  If  then  one  corner  of  a  field  be  100  feet  from  a 
second  coi'ner,  and  50  feet  from  a  third,  the  place  of  the  first  cor- 
ner is  known  and  determined  with  reference  to  the  other  two. 

There  will  be  two  points  fulfilling  this  condition,  one  on  each  side 
of  the  given  lino,  but  it  ivill  always  be  known  wliich  of  them  is  the 
one  desired. 

In  G-eography,  this  principle  is  employed  to  indicate  the  posi- 
tion of  a  town ;  aa  when  we  say  that  Buffelo  ig  distant  (in  a  straight 
line)  295  miles  from  New-York,  and  390  from  Cincinnati,  ani3 
thus  convey  to  a  stranger  acquainted  with  only  the  last  two  placea 
a  correct  idea  of  the  position  of  the  first. 
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In  Analytical  Geomdry,  the  linea  AS  and  BS  are  known  aa 
''Focal  Co-ordinates;"  tlie  general  name  "ccKirdinatos"  being 
appKed  to  the  lines  or  angles  which  determine  the  position  of  a 
point. 

(6)  Second  Meth«d>     Sy  measuring  ike  perpendicular  dis- 
tanee  from  the  required  point  to  a  given  line,  and 
(hmce  along  the  line  to  a  given  point. 

Thus,  m  Eg.  2,  if  the  perpendicnlar  dis- 
tance SO  be  half  an  inch,  and  CA  be  one 
inch,  the  pomt  S  is  "detenmned":  for,  its 
place  could  be  again  found  hy  measuniig  one 
inch  from  A  to  C,  and  half  an  inch  from  C,  a. 
at  right  angles  to  AC,  wMch  would  fix  the  point  S. 

The  Public  Lands  of  the  United  States  are  laid  out  by  tliia 
method,  as  "will  he  explained  in  Part  Xll. 

In  Q-eograpTiy,  t]na  principle  is  employed  under  the  name  of 
Latitade  and  Longitude. 

Thus,  Philadelphia  is  one  degree  and  fifty-two  minutes  of  longi- 
tude east  of  Waalungton,  and  one  degree  and  three  minutes  of  lati- 
tude north  of  it. 

In  Analytical  Geometry,  the  lines  AC  and  CS  are  knoiivn  as 
"RecAangidar  Co-ordinates."  The  point  is  there  regarded  as 
determined  by  the  intersection  of  two  lines,  drawn  parallel  to  two 
fixed  lines,  or  "  Axes"  and  at  a  given  distance  from  them.  These 
Axes,  in  the  present  figure,  woiild  be  the  line  AC,  and  another 
Uae,perpendicidar  to  it  and  passing  through  A,  as  the  origin. 

(7)  Third  Method.  By  measuring  the  angle  betioeen  a. given 
line  and  a  line  drawn  from  any  given  point  of  it  to  the  required 
•point;  and  also  the  length  of  this  latter  line. 

Thus,  in  Pig.  3,  if  we  know  the  angle  Fj:;,  3. 

BAS  to  he  a  third  of  a  right  angle,  and  Sc 

AS  to  be  one  inch,  the  point  S  is  determin-  ,--"' 

ed ;  for,  ita  place  could  be  found  by  drawing  ^'' 

from  A,  a  line  making  the  given  angle  mth  A^— — ~— — -  b 

AB,  and  measunngon  it  the  given  distance. 
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In  appljfing  thia  principle  in  aurvejing,  S,  as  before,  may  repr& 
Bent  any  station,  and  the  line  AB  may  be  a  fence,  or  any  other 
real  or  ima^ary  line. 

In  "  Compass  Surveying,"  it  ia  a  north  and  south  line,  the  direo- 
tion  of  which  is  ^Ten  by  the  magnetic  needle  of  the  compass, 

In  Q-eography,  this  principle  is  employed  to  determine  the  rela- 
tive positions  of  places,  by  "  Bearings  and  distances" ;  as  when  wo 
say  that  San  Francisco  ia  1750  mUes  nearly  due  west  from  St.  Louis ; 
the  word  "  west"  indicating  &e  direction,  or  angle  which  the  line 
joining  the  two  places  makes  mth  a  north  and  south  line,  and 
tlie  number  of  nulea  giving  the  length  of  that  line. 

In  Andi/tical  G-eometry,  the  line  AS,  and  the  angle  BAS,  ai'e 
eaUed  "■Folar  Co-ordinates." 

(8)  Fourth  nietbodi  .By  measuring  the  angles  made  with  a 
given  line  hy  imo  other  lines  starting  from  given  points  u^on  it, 
and  passing  through  the  required  point. 

Thus,  in  Fig.  4,  tho  point  S  is  deter-  Fig.  i. 

mined  by  being  m  the  intersection  of  the  1 

two  Imes  AB  and  BS,  which  make  re-  ^^-^      \ 

spectively  angles  of  a  half  and  of  a  third      ^-'  \ 

of  a  right  angle  vdth  tho  line  AB,  which    ^  S 

is  one  inch  long ;  for,  the  place  of  the  point  could  be  found,  if  lost, 
by  drawing  from  A  and  B  lines  making  with  AB  the  known  angles. 

In  Geography,  we  aught  thus  fix  the  position  of  St.  Louis,  by 
saying  it  lay  nearly  due  north  fr-om  New-Orleans,  and  due  west 
from  Washington. 

In  Analytical  Geometry,  those  two  angles  would  be  called 
"Angular  Co-ordinates." 

(9)  In  Fig.  5,  are  shown  together  all  j-;„  5_ 
the  measurements  necessary  for  detennin- 
mg  the  same  point  S,  by  each  of  the  four 
preceding  methods.     In  the  Mrst  Me- 
thod, ive  measure  the  distances  AS  and   ■ 
BS;  in  the  Second  Method,  the  distances  AC  and  CS,  the  latter 
at  right  angles  to  the  former:  far  tho  Third  Method,  tho  ( 
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AS,  and  the  angie  SAB ;  and  in  the  FonrtJi  Method,  the  anglea 
SAB  and  SBA.  In  all  these  methods  tho  point  is  really  deter- 
mined hj  the  intersection  of  two  Imes,  either  strtught  linea  or 
area  of  circles.  Tha'',  in  the  First  Method,  it  is  determined  by 
the  iateraection  of  two  circles  ;  in  the  Second,  hy  the  intersection 
of  two  straight  lines  ;  in  the  Third,  by  the  intersection  of  a  straight 
line  and  a  circle ;  and  in  the  Fourth,  by  tho  intellection  of  two 
straight  lines. 


(10)  Fiflh  Methad,  J3i/  measuring  the  angles  made  with  each 
other  hp  three  linea  of  sight  passing  from  the  required  'point  to 
three  points  whose  positions  are  hnown. 

Thus,  in  Fig.  6,  the  pomt  S  is  deter-  Fig- g. 

mined  by  the  angles,  ASB  and  ESO, 
made  by  the  three  lines  SA,  SB  and 
SC. 

Geographically,  the  position  of  Chi- 
cago would  be  determined  by  throe 
straight  lines  passing  from  it  to  Waah- 
ington,  Cincinnati,  and  Mobile,  and  malt- 
ing kno^vn  angles  with  each  other ;  tliat  of  the  first  and  second 
hnes  being  about  one-third,  and  that  of  the  second  and  third  lines, 
about  one-half  of  a  right  angle. 

Prom  the  three  lines  employed,  this  may  be  named  the  Method 
of  Trilinear  co-ordinates. 


(II)  The  position  of  a  point  is  sometimes  determined  by  the 
intersection  of  two  lines,  which  are  themselves  deteiTEuned  by  their 
extremities  being  given.     Thus,  in  Fig.  7,  f"'§-  ^' 

tlie  point  S  is  detennined  hj  its  being  sit-  I 
uatod  in  tlie  intersection  of  AB  and  CD.  3,'-.....  s  _..-■''" 
This  method  is  sometimes  employed  to  fix  \^.^  ---^ 
the  position  of  a  Station  on  a  Rail-Road  ^\ 
line,  &c.,  when  it  occurs  in  a  place  where  ! 
a  stake  cannot  be  driven,  such  as  in  a  pond ;  and  in  a  few  other 
cases  ;  but  is  not  used  frequently  enough  to  reqiiire  that  it  should 
be  called  a  dxth  principle  of  Surveying. 
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(12}  These  five  methoda  of  detei-mining  the  positions  of  pointa, 
produce  five  corresponding  systems  of  Surveying,  which  may !« 
named,  as  follows : 


I.  DIAGONAL  SURVEYING. 
11.  PERPENDICULAK  SURVEYING. 

III.  POLAR  SURVEYING 

IV.  TRIANGULAR  SURVEYING, 
y.  TRILINEAR  SURVEYING. 

(13)  The  above  division  of  Surveying  has  been  made  in  ha^ 
moQy  with  the  principles  involved  and  the  methods  employed. 

The  subject  is,  however,  sometimes  divided  with  reference  to  the 
instruments  employed ;  as  the  chain,  either  alone  or  with  cross- 
staff;  the  compass ;  the  transit  or  theodoHte ;  the  sextant ;  the 
plane  table,  &c. 

(li)     Surveying  may  also  be  divided  according  to  its  objcots. 

In  JJand  Surveying,  the  content,  in  acres,  &c.,  of  the  tract  sur- 
veyed, is  usually  the  principal  object  of  the  survey.  A  map, 
showing  the  shape  of  the  property,  may  also  be  required.  Certain 
signs  on  it  may  indicate  tlie  different  kinds  of  culture,  &c.  ITiis 
land  may  also  be  required  to  be  divided  up  in  certain  proportions ; 
and  the  lines  of  division  may  also  be  required  to  be  set  out  on  the 
ground.  One  or  all  of  these  objects  may  be  demanded  in  Land 
Surveying. 

In  Topographioal  Surveying,  the  measurement  and  graphical 
representation  of  the  inequalities  of  the  ground,  or  its  "  relief,"  i.  e. 
its  hills  and  hollows,  as  determined  by  the  art  of  "  Lavellmg,"  is 
the  leading  object. 

In  Mmiivrm  or  Hydrographical  Surveying,  the  positions  of 
rocks,  shoals  and  channels  are  the  chief  subjects  of  examination. 

In  Mininff  Surveying,  the  directions  and  dimensions  of  the  sul> 
terranean  passages  of  mines  arc  to  be  determined. 
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(15)  Surveying  may  also  be  divided  according  to  tlie  extent  of 
the  district)  surveyed,  into  Plane  and  G-eodesic.  Geodesy  takes 
into  accounfc  the  curvature  of  the  earth,  and  employs  Spherical 
Trigonometry.  Plane  Surveying  disregards  this  curvature,  aa  a 
needless  refinement  except  in  very  extensive  surveys,  such  as  tliose 
of  a  State,  and  considers  the  surface  of  the  earth  as  plane,  ivhich 
may  safely  be  done  in  surveys  of  moderate  extent. 

(16)  Land  Sv/n}eying  is  the  principal  subject  of  this  volume ; 
the  surffice  surveyed  being  regarded  as  plane;  and  each  of  the 
five  Methods  being  in  turn  employed.  For  the  purj^oses  of  instnic- 
tion,  the  subject  wiil  be  best  divided,  partly  Tvith  reference  to  the 
Methods  employed,  and  partly  to  the  Instruments  used.  Accord- 
ingly, the  First  and  Second  Methods  (Diagonal  and  Perpendic- 
ular Snrveying)  vfiU  be  treated  of  mider  the  title  "  Chain  Survey- 
ing," in  Part  II.  The  TUrd  Method  (Polar  Surveying)  -will  be 
explained  under  the  .titles  "Compass  Surveying,"  Part  III,  and 
"  Transit  and  Theodolite  Surveying,". Part  IV.  The  Fourth  and 
Mfth  Methods  will  be  found  under  their  own  names  of  "  Triangu- 
lar Surveying,"  and  "Trilioear  Surveying,"  in  Parts  V  and  VI. 

(17)  In  all  the  methods  of  Land  Sui-veying,  there  are  three 
stages  of  operation : 

1*^  Measuring  certain  hncs  and  angles,  and  recordmg  them ; 
2"^  Drawing  them,  on  paper  to  some  amtable  scale ; 
S'^   Oalculating  the  content  of  the  surface  siu^'eyed. 
The  thi'ee  following  chapters  will  treat  of  each  of  these  topics  in 
tlieir  tura, 


Hosted  by 


Google 


16  FUIVDAMENTAi  OPERITIOKS.  [paut  i. 

CHAPTER  II. 

MlEINfi  THE  MEASUKEMEN'rS. 

(18)  The  Measurements  wHoh  are  required  m  Surveying,  may 
be  of  lines  or  of  angles,  or  of  both ;  according  to  the  Method  em- 
ployed     Bach  will  be  aueeessively  considered, 

MEASURING  STRAIGHT  LINES. 

(19)  The  lines,  or  distances,  "wliieh  are  to  be  measured,  may  he 
either  actual  or  "visual. 

Asiual  lines  are  such  as  really  exist  oa  the  surface  of  the  land 
to  be  surveyed,  either  bounding  it,  or  crossing  it;  such  as  fences, 
etches,  roads,  streams,  &;c. 

Visual  lines  are  imaginaiy  lines  of  sight,  either  temporaiily 
measured  on  the  ground,  such  as  those  joining  oppoate  corners  oi 
a  field;  or  sunply  indicated  by  stakes  at  their  catremities  or  other- 
wise.   If  long,  they  are  "ranged  out"  ty  methods  to  he  given. 

Lines  are  usually  measured  with  chains,  tapes  or  rods,  di- 
vided into  yards,  feet,  links,  or  some  other  unit  of  measurement. 

(2S)  Gautcr^s  Ciiain.  This  is  the  measure  most  commonly 
uaed  in  Land  surveymg.  It  is  66  feet,  or  i  rods  long,'  Eighty 
Buch  chains  make  one  mile. 


<I 


:> 


It  ia  composed  of  one  hundred  pieces  of  iron  ivire,  or  links,  each 
bent  at  the  end  into  a  ring,  and  connected  with  the  ring  at  the  end 
of  the  next  piece  by  another  ring.  Sometimes  two  or  three  lini^s 
are  placed  between  the  links.     The  chain  is  then  loss  liable  to 

*  Thia  length  was  chosen  (by  Mr.  Edward  Gnnler)  bscauBe  10  square  chains 
of  68  feetni^e  one  acre,  (  hb  will  be  Ehowa  in  Chapter  IV,)  and  the  com])utttlion 
uf  areas  is  thus  greatly  facilitated.  For  otbar  Surveying  paiposeH,  particnlartj 
for  Rail-road  worls,  a  chain  of  100  feet  is  preferable.  On  the  United  Slatea 
Ouaat  SiuTey,  the  unit  of  measarement  {which  at  Eome  future  time  will  be  tna 
universal  one)  U  the  French  Melre,  equal  to  3,281  feet,  nearly. 
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tivist  and  get  entangled,  or  "  kinked."  Two  or  more  swivels  ars 
also  inserted  ia  tiie  chain,  so  that  it  marj  turn  around  without  tot- 
ing. Everj'  t«iith  link  is  marked  by  a  piece  of  brass,  having  one, 
two,  three,  or  four  points,  corresponding  to  the  number  of  tens 
which  it  marlca,  counting  from  the  nearest  end  of  the  chain,*  The 
middle  or  fiftieth  link  is  marked  by  a  round  piece  of  brass. 

The  hundredth  part  of  a  chain  is  called  a  iink.f  Tlie  great 
adrantage  of  this  is,  that  since  links  are  decimal  parts  of  a  chain, 
they  may  be  bo  written  down,  5  chains  and  43  hnks  being  5.43 
chains,  and  all  the  calculations  respecting  chains  and  links  can  then 
be  performed  by  the  common  rules  of  decimal  Arithmetic.  Each 
link  is  7,92  inches  long,  being  =  66  X  12  4-  100. 

The  following  Table  will  be  found  convenient: 


CHAINS  INTO  FEET. 

FEET  INTO   LINKS.      ] 

CHAINS. 

FEET. 

CHA 

NS.    FEET. 

FEET. 

LINKS. 

FEBT. 

LINKS. 

0.01 

0.66 

~ 

00         66. 

0.10 

0.15 

10. 

15.2 

0.02 

1.32 

2 

132. 

0.20 

0.30 

15. 

22.7 

0.03 

1.98 

3 

198. 

0.25 

0.38 

20. 

30.3 

0.04 

2.64 

4 

264. 

0.30 

0.45 

26. 

37.9 

,0.05 

3.80 

6 

330. 

0.40 

0.60 

30. 

45.4 

0.06 

S.96 

6 

396. 

0.60 

0.76 

33. 

60.0 

0.07 

4.62 

7 

462. 

0.60 

0.91 

35. 

53.0 

0.08 

6.28 

8 

623. 

0.70 

1.06 

40. 

60.6 

0.09 

5.94 

9 

■  694. 

0.75 

1.13 

45. 

68.2 

0.10 

6.60 

10 

660. 

0.80 

1.21 

60. 

75.8 

0.90 

1.36 

66. 

83.3 

0.20 

13.20 

20 

1320. 

1.00 

1.52 

60. 

90.9 

O.SO 

19:80 

30 

1980. 

2. 

3.0 

65. 

98.5 

o.« 

26.40 

40 

2640. 

3. 

4.6 

70. 

106.1 

0.60 

33.00 

60 

3300. 

4. 

6.1 

75. 

113.6 

0.60 

39.60 

60 

3960. 

5. 

7.6 

80. 

121.2 

0.70 

46.20 

70 

4620. 

6. 

9.1    i 

35. 

128.8 

0.80 

62.80 

80 

6280. 

7. 

10.6 

90. 

136.4 

0.90 

59.40 

90 

5940. 

8. 

12.1 

95. 

143.9 

1.00 

66.00 

100 

6600. 

9. 

13.6 

100. 

161.6 

•Toyreieiit  the  very  common  mistake,  of  colling  forty.BTX^y;  or  thirty,  aeveniyj 
It  has  been  ansgealed  lo  malte  ihe  lllh,  31at,  Slat  and  41st  links  of  imai  wliieb 
notild  at  once  shorn  on  which  eide  of  the  middle  of  ihe  chain  was  i1j6  .Joubtfa] 
maik.    This  would  be  parlicularly  useful  in  Mining  Surveying. 

t  Thill  most  not  he  oonfonnded  with  the  pieces  of  wire  which  have  rlie  same 
name,  since  one  of  them  ia  shorter  than  the  "  liiik"  used  in  calculotjim,  by  linlf  a 
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To  reduce  linka  to  feet,  subtract  from  the  number  of  links  aa 
laaiiy  units  as  it  contains  hundreds ;  raidtJply  the  remainder  by  2 
and  divide  by  3. 

To  reduce  feet  to  links,  add  to  the  given  number  half  of  itself, 
and  add  one  for  each  hundi'ed  (more  exactly,  for  each  nmety-nino) 
in  the  sum. 

The  chain  is  liable  to  be  lengthened  by  its  rings  being  pulled 
open,  and  to  be  shortened  by  its  links  being  bent.  It  ehoidd  there- 
fore be  frequently  tested  by  a  carefully-measured  length  of  66  feet, 
set  out  by  a  standai-d  measure  on  a  flat  surface,  such  as  the  top 
of  a  wall,  or  on  smooth  level  ground  between  two  stakes,  their 
centres  being  marked  by  small  nails.  It  may  be  left  a  Utile  longer 
than  the  true  length,  since  it  can  seldom  be  stretched  so  as  to  be 
perfectly  horizontal  and  not  hang  in  a  curve,  or  be  drawn  out  in  a 
perfectly  straight  line.*  Distances  measured  with  a  perfectly 
acciirate  chain  will  always  and  unavoidably  be  recorded  as  longer 
than  they  really  are.  To  ensure  the  chain  being  always  strained 
with  the  same  force,  a  spring,  like  t^at  of  a  spring-balance, 
S3  sometimes  placed  between  one  handle  and  the  rest  of  the 
chain. 

If  a  line  has  been  measured  with  an  incorrect  ch^n,  the  true 
length  of  the  line  will  be  obtained  by  multiplying  the  number  of 
chains  and  links  in  tJie  measured  distance  by  100,  and  dividing  by 
the  length  of  the  standard  distance,  as  ^ven  by  measurement  of 
it  with  the  incorrect  chain.  The  proportion  here  employed  ia  this : 
As  the  length  of  the  standard  ^ven  by  the  incorrect  chain  Is  to 
the  true  length  of  the  standard,  So  is  the  lengdi  of  the  line  given 
by  the  measurement  To  the  true  length.  Thus,  suppose  that  a 
line  has  been  measured  with  a  certain  chain,  and  found  by  it  to  bo 
ten  chains  long,  and  that  the  chain  is  afterwards  found  to  have  boon 
BO  stretched  that  the  standard  distance,  measured  by  it,  appears  to 
be  only  99  links  long.  The  measured  luie  is  therefore  longer 
than  it  had  been  thought  to  be,  and  ite  trae  length  is  obtained 
by  multijDlymg  ten  by  100,  and  dividuig  by  99. 

Tlie  chain  uBed  by  lie  Government  Sui'vejors  of  France,  which  ia  10  Meti'es, 
or  about  half  a  Giiiilei-'a  chain  in  lenglh,  is  made  from  one-fifth  to  two-fifths  of  ao 
linoh  longer  llmn  the  standard.  An  inaccuracy  of  one  five  hiiiidreilih  of  its  length 
.=  li  iQolieE  onaGiintoi-'H  chain)  is  the  ntmost  allowed  nut  to  vitiate  the  survey 
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(21)  rias.  Ten  iron  pins  or  "  arrows,"  usually  accompany  the 
chain,*  They  are  about  a  foot  long,  and  aro  made  of  stout  iroa 
wire,  sharpened  at  one  end,  and  bent  into  a  ring  at  the  other. 
Pieces  of  red  and  white  cloth  should  be  taed  to  their  heads,  so  thai 
tJiey  can  be  easily  found  in  grass,  dead  leaves,  &e. 

Tliey  should  be  strung  on  a  ring,  which  has  a  spring  catch  ti 
retain  them.     Their  usual  form  is  shown  in  Fig.    9.  *"%■  ^-    ^'S- 1". 
Fig.  10  shows  another  foiTn,  made  very  large,  and   | 
therefore  very  heavy,  near  the  point,  so  that  when 
held  by  the  top  and  dropped,  it  may  fall  vertically. 
The  uses  of  this  will  be  seen  presently, 

(22)  On  irregular  grouml,  two  stout  stakes  about 
six  feet  long  are  needed  to  put  the  forward  chain- 
man  in  line,  and  to  enable  whichever  of  the  two  is 
lowest,  to  raise  his  end  of  the  chain  in  a  truly  vertical  line,  and  to 
strain  the  chain  straight. 

A  number  of  bag  and  slender  rods  are  also  necessary  for 
"  ranging  out "  lines  between  distant  points,  in  the  manner  to  be 
explained  hereafter ;  in  Part  II,  Chapter  Y. 


(23)  Mfiiy  to  €Iia!n<  Tvi'o  men  are  required ;  a  fon\-ard  chain- 
main,  and  a  hind  chain-man ;  or  leader  and  follower.  Tho  latter 
takes  the  handles  of  tiie  chain  in  Lis  left  hand,  and  the  chain  itself 
in  his  right  hand,  and  throws  it  out  in  the  direction  in  wHcH  it  is  to 
he  drawn.  The  former  takes  a  handle  of  the  chain  and  one  pin  in 
his  right  hand,  and  the  other  pins  (and  the  staff,  if  used,)  in  his 
left  hand,  and  draws  out  the  chain.  The  follower  then  walks 
beside  it,  examining  carefully  tliafc  it  is  not  twisted  or  bent.  He 
then  returns  to  its  hinder  end,  which  he  holds  at  the  beginning  of 
the  line  to  be  measured,  puts  his  eye  exactly  over  it,  and,  by  tho 
words  "  Right,"  "  Left,"  directs  the  leader  how  to  put  his  staff, 
or  the  pin  which  he  holds  up,  "  in  line,"  so  that  it  may  seem  to 
esver  and  hide  tJie  flag-staff,  or  other  object  at  the  end  of  the  line. 


*EleTenpiiis  ri 

e  sometimes 

nsed,  ore  being  of  br 

ss.    Nine  of  iron,  with  four 

or  eight  of  brass, 

mployed.    Their  use 

3  are  explained  iJi  Articles 

(23)  and  (.3^ 
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The  leader  all  tlie  while  keeps  the  chain  tightly  sti'etched,  and  hig 
end  of  it  touching  his  staff.  Every  time  he  moves  the  chain,  he 
should  straighten  it  \>j  an  undulating  shake.  When  tlie  staff  (or 
pin)  is  at  last  put  "in  line,"  the  follower  sa/s  "Down."  Tha 
leader  then  puts  in  the  single  pin  precisely  at  the  end  of  the  chain, 
and  replies  "Down."  The  follower  then  (and  never  before  hearing 
this  signal  that  the  point  is  fixed)  loosens  his  end  of  the  chain, 
retajning  it  in  hia  hand.  The  leader  draws  on  the  chain,  making 
a  st«p  to  one  side  of  the  pin  just  set,  to  avoid  dragging  it  out.  He 
flhonld  keep  his  eye  steatlily  on  the  object  ahead,  or,  in  a  hollow, 
should  line  himself  approximately  hy  looking  back.  The  follower 
should  count  his  steps,  so  as  to  know  where  to  look  for  the  pin  in 
high  grass,  &o.  As  he  approaohes  the  pin,  he  eaUs  "  Halt."  On 
reaching  it,  be  holds  the  handle  of  the  chain  against  it,  pressing 
hia  knee  against  both  to  keep  the  pin  firm.  He  then,  with  his  eye 
over  the  pin,  "linos"  the  leader  as  before.  "When  the  "Doivn" 
has  been  again  called  by  the  foUower,  and  answered  by  the  leader, 
the  former  pulls  out  the  pin  with  the  chain-hand,  and  carries  it  in 
Ills  other  hand,  and  they  go  on  as  before.*  The  operation  is 
repeated  till  the  leader  has  arrived  at  the  end  of  the  line,  or  has 
put  down  all  his  pins. 

When  the  leader  has  put  down  his  tenth  pin,  be  draws  on  the 
chain  ita  length  farther,  and  after  being  lined,  puts  his  foot  on  the 
handle  to  keep  it  firm,  and  calls  "  Tally."  The  follower  thou 
drops  hia  end  of  the  chaja,  goes  up  to  the  leader  and  gives  him 
back  all  the  pins,  both  counting  them  to  make  sure  that  none  liave 
been  lost.  One  pin  is  then  put  down  at  the  forward  end  of  the 
chain,  and  they  go  on  as  before. 

Some  Surveyora  cause  tlie  leader  to  call  "  tally"  at  the  tenth 
pin,  and  then  exchange  pins ;  but  then  the  follower  has  only  the 
hole  made  by  the  pin,  or  some  other  indefinite  mark,  to  measure 
from. 

Eleven  pins  are  sometimes  preferi'ed,  the  eleventh  being  of  brass, 
or  otherwise  different  from  the  rest,  and  being  used  to  mark  the 

"  Wlien  a  chain's  length  woulfJ  end  in  a  ditch,  pooJ  nf  wafer,  &c.  and  [he  obain. 
men  are  afraid  of  waning  tlieir  feel.lhey  cnii  measiire  part  of  a  ehsio.to  Ibe  e<Ig» 
of  Ihe  waiei*,  tlieii  slreloh  thr^  cljaiii  aci'ona  il,  and  then  rneasnrp  niiniLcr  ponioii 
i.f  a  chain,  s.)  thai  will)  [lie  fi.imer  [.o.tion,  it  amy  inaVa  ui<  n  ftilJ  obain. 
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end  of  the  eleventh  chain ;  another  being  suhstitute:!  fur  it  before 
the  leader  goes  on. 

The  two  ehain-meii  may  change  duties  at  each  change  of  piiis, 
if  they  are  of  equal  skill,  but  the  more  careful  and  intelligent  of 
two  laborers  should  generally  be  made  "  follower." 

When  the  leader  reaches  the  end  of  the  line,  he  stops,  and  holds 
Lis  end  of  the  chain  against  it.  The  follower  drops  his  end  and 
connte  the  linlss  beyond  the  last  pin,  noting  carefully  on  which  side 
of  the  "  fifty"  mark  it  comes.  Each  pin  now  held  by  the  follower, 
including  tlie  one  in  the  ground,  represents  1  chain ;  ea«h  time 
"tally"  has  been  called,  and  the  pins  exchanged,  represents  10 
chains,  and  the  links  just  counted  make  up  the  total  distance. 

(34)  Tallies.  In  chaining  very  long  distances,  there  is  danger 
of  miscounting  tlie  number  of  "tallies,"  or  tens.  To  avoid  mis- 
takes, pebbles,  &c.,  may  be  changed  from  one  pocket  into  another 
at  each  change  of  piia ;  or  bits  of  leather  on  a  cord  may  be  slip- 
ped from  one  side  to  the  other ;  or  knots  tied  on  a  string ;  but  the 
best  plan  is  the  following.  Instead  of  ten  iron  pins,  use  nine  iron 
pins,  and  four,  or  eight,  or  ten  pins  of  brass,  or  very  much  longer 
than  the  rest.  At  the  end  of  the  tenth  chain,  the  iron  pins  being 
exhausted,  a  brass  pin  is  put  down  by  the  leader.  The  follower 
then  comes  up,  and  returns  the  nine  iron  pms,  but  retains  the  brass 
one,  with  the  additional  advantage  of  having  this  pin  to  measure 
6-om.  At  the  end  of  the  twentieth  chain,  the  same  operation  is 
repeated ;  and  so  on.  When  the  measurement  of  the  hue  is  com- 
pleted, each  brass  pin  held  by  the  follower  counts  ten  chains,  and 
each  iron  pin  one,  as  before. 

(25)  4:iia!Dii!S:  on  Slopes.  All  the  distances  employed  in 
Land-surveying  must  be  measured  horizontally,  or  on  a  level ;  for 
reasons  to  be  given  in  chapter  IV.  When  the  ground  slopes,  it  is 
therefore  necessary  to  make  certain  allowances  or  corrections.  If 
the  slope  be  gentle,  hold  the  up-hill  end  of  the  chain  on  the  ground, 
and  raise  the  down-lull  end  till  the  chain  is  level.  To  ensure  the 
elevated  end  being  exactly  over  the  desired  spot,  raise  it  along  a 
staff  kept  vertical,  or  drop  a  jian  held  by  the  ]joint  with  the  ling 
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domiwards,  (if  you  have  not  tho  heavy  pointed  ones  shown  in  I'ig. 
10),  or,  ivliich  is  better,  use  a  plumb-line.  A  person  standing 
beside  tlie  chain,  imd  at  a  little  distance  from  it,  can  best  tell  if  it 
be  nearly  level.  If  the  hill  be  so  steep  that  a  whole  chiun  cannot 
he  held  up  level,  use  only  half  or  qnarter  of  it  at  a  time.  Great 
care  ia  necessary  in  tliis  operation.  To  measure  down  a  steep  hiil, 
stretch  the  whole  chain  hi  line.     Hold  the  ^'s-  H- 

upper  end  fast  on  the  ground,  liaise  up 
the  20  or  30  link-mark,  ao  that  that  portion 
of  the  chain  is  level.  Drop  a  plumb-hne  or 
pin.  Then  let  the  follower  come  forward 
and  hold  down  that  link  on  this  spot,  and  the  leader  hold  up  an- 
other short  portion,  as  before.  Oh^ing  down  a  slope  is  more 
accurate  than  chaimng  up  it,  since  in  the  latter  case  the  follower 
cannot  easily  place  bis  end  of  the  chain  exactly  over  the  pin. 

(2S)  A  more  accurate,  though  more  troublesome,  method,  is  to 
measure  the  angle  of  the  elope ;  and  malce  the  proper  allowance 
by  calculation,  or  by  a  table,  previously  prepared.  The  correction 
bemg  found,  the  chain  may  be  drawn  forward  the  proper  number 
of  hnks,  and  the  correct  distance  of  the  various  points  to  be  noted 
^vil!  thus  be  obtained  at  once,  without  any  subsequent  calculation 
or  reduction.  If  the  survey  is  made  with  the  Theodohte,  the  slope 
of  the  ground  can  be  measured  directly.  A  "  Tangent  Scale,"  for 
the  same  purpose,  may  be  formed  on  the  sides  of  the  sights  of  a 
CompTSS.     It  will  he  described  when  that  instrament  is  explained. 

In  the  following  table,  the  first  colunm  contains  tlie  angle  which 
die  sui-face  of  the  ground  makes  with  tlie  horizon;  the  second 
column  contains  its  slope,  named  by  the  ratio  of  the  perpendicular 
to  the  base ;  and  the  third,  the  correction  m  links  for  each  chain 
measured  on  the  slope,  i.  e.  the  difference  between  the  hypothenuse, 
which  is  the  distance  measured,  and  the  horizontal  base,  which  is 
Uie  distance  desired. 
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TABLE  FOR  CHAINING  ON  SLOPES. 

ANGLE. 

SLOPE. 

CORRECTION 
IN   LINKS. 

ANGLE. 

SLOPE. 

CORRECTIOM 
IN   LINKS. 

3» 

1  ill  19 

0.14 

13° 

1  in  H 

2.56 

40 

linll 

0.24 

14° 

lin  4 

2.97 

5° 

1  in  111 

0.38 

1.5= 

lin  4 

3.41 

6° 

liii    9J 

0.55 

16= 

lin3| 

3.87 

70 

liii    8 

0.75 

170 

lin3J 

4.37 

8= 

1  ill    7 

0.97 

18» 

lin3J 

4.89 

90 

lin  ej 

1.23 

19= 

lin  3 

5.45 

10' 

liii    0 

1.53 

20° 

lin  2.1 

6.03 

11" 

lin    51 

1.84 

250 

lin  2 

9.37 

12= 

lin    41 

2.19 

30° 

linlj 

13.40 

(27)  Cliaiiiing  is  the  fundamental  operation  in  all  kinda  oi  Sur- 
veying, It  has  for  this  reason  been  very  minutely  detailed.  The 
"foUower"  is  the  moat  respoa^hle  jersun  anl  the  Sutve^or  ill 
best  ensure  his  accuracy  by  taking  t!  at  place  h  r  self  If  i  e  hia 
to  employ  inexpenenced  laborers,  he  ill  do  eU  to  ca  se  them  to 
measure  the  distance  between  any  t  to  j  0  ts  and  tl  en  i  en  eas  1  e 
it  in  the  opposite  direction.  The  Ifi  lence  of  tl  e  1  t  0  les  Its 
;vi!l  impress  on  them  the  necessity  of  gieat  caief  Inesa 

To  "do  up"  the  chain,  take  the  mid  He  of  it  n  tie  left  han! 
and  with  the  right  hand  take  hold  f  t!  e  dou!  1  1  chai  just  1  eyon  1 
the  second  link ;  double  up  the  two  linlis  between  your  hands, 
and  continue  to  fold  np  two  double  linlca  at  a  time,  laying  each  pair 
obliquely  across  tlie  others,  so  that  when  it  is  all  folded  up,  the 
handles  will  be  on  tlie  outside,  and  the  chain  will  have  anhour-glasa 
Bliape,  easy  to  sti'ap  up  and  to  carry. 


(28)  Tape,  Though  the  chain  is  most  usually  employed  for  the 
principal  measurements  of  Surveying,  a  tape-line,  divided  on  one 
side  into  linlts,  and  on  the  other  into  feet  and  inches,  is  more  con- 
venient for  some  purposes.  It  should  be  tested  very  frequently, 
particularly  after  getting  wet,  and  the  correct  length  marked  on  it 
at  every  ten  feet.     A  "Metallic  Tape,"  loss  liable  to  Firetch.  hoi: 
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been  recently  mamifiietured,  hi  which  finfc  Tdi'es  form  its  warp. 
When  the  tape  is  being  wound  up,  it  should  be  passed  between  two 
Engors  to  prevent  its  twisting  in  the  box,  which  would  make  it 
necessary  to  unscrew  its  nut  to  take  it  out  and  untwist  it.  Wliilo 
in  use,  it  should  be  made  portable  bj  being  folded  up  by  ann's 
lengths,  instead  of  being  wound  up. 

(29)  Substitutes  for  a  chain  or  a  tape,  may  be  found  in  leather 
driving  lines,  marked  off  with  a  carpenter's  rule,  or  in  a  cord  knot- 
ted at  the  length  of  every  link.  A  well  made  rope,  (such  as  a 
"  patent  wove  line,"  woven  circularly  with  the  strands  always 
Btraigbt  in  the  line  of  the  strain) ,  when  once  well  stretched,  wetted 
and  aUoived  to  dry  witii  a  moderate  strain,  will  not  vary  fram  a 
chain  more  than  one  foot  in  two  thousand,  if  carefully  used. 

(30)  Bods.  When  unusually  accurate  measurements  are  re- 
quired, rods  are  employed.  They  may  be  of  well  seasoned  wood, 
of  glass,  of  iron,  &c.  They  must  be  placed  in  line  very  carefully 
end  to  end ;  or  made  to  coincide  in  other  ways ;  as  will  be  explain- 
ed in  Part  V,  under  the  title  of  "  Triangular  Surveying,"  in 
which  the  peculiai-Iy  accurate  measurement  of  one  line  is  required, 
as  all  the  others  are  founded  upon  it. 

(31)  Pacing,  Sound,  and  other  approximate  means,  may  be 
used  for  measuring  the  length  of  a  line.  They  will  be  discussed, 
in  Part  IX.    The  Stadia,  is  described  in  Art.  (376.) 

(S3)  A  Perambuiator,  or  "Measuring  "Wheel,"  is  sometimes 
used  for  measuring  distances,  particularly  Roads.  It  consists  of  a 
wheel  which  is  made  to  roll  over  the  .ground  to  be  measured,  and 
whose  motion  is  communicated  to  a  series  of  toothed  wheels  within 
tlie  machine.  These  wheels  ai-e  so  proportioned,  that  the  index 
wheel  registers  their  revolutions,  and  records  the  whole  distance 
passed  over.  If  the  diameter  of  the  wheel  be  81 J  inches,  the  cir- 
cumference, and  therefore  each  revolution,  will  be  8J  feet,  or  half 
a  rod.  The  roughnesses  of  the  road  and  the  slopes  necessarily 
sause  the  registered  distances  to  exceed  the  true  measure. 
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MEASURING   ANGLES. 

(3S)  The  aaglo  made  by  any  two  lines,  that  is,  the  difference 
of  tUeir  directiona,  is  measured  by  various  inf^truments,  consisting 
03fiontia,ny  of  a  circle  divided  into  equal  parts,  with  plajn  sights,  or 
l.clescopea,  to  indicate  the  directions  of  the  two  lines. 

Aa  the  measurejaent  of  angles  is  not  required  for  "  Chain  Sur- 
veying," wluch  is  the  first  Methofl  to  be  discussed,  the  considerar 
tioa  of  this  kind  of  measurement  will  he  postponed  to  Part  III. 

NOTING  THE  MEASUREMENTS. 
(34)  The  measurements  which  have  been  made,  ivliether  cf 
lines,  or  of  angles,  require  to  be  very  carefully  noted  and  recorded. 
Clearness  and  brevity  are  the  points  desired.  Different  methods 
of  notation  are  required  for  each  of  the  systems  of  surveying  ivliich 
are  to  be  explained,  and  will  therefore  be  given  in  their  appropriate 
places. 


CHAPTER  III. 


DRAWING  TME  MW. 

(35)  A  Map  of  a  survey  represents  ilie  lines  which  bound  the 
Enu-fitce  surveyed,  and  the  objects  upon  it,  such  as  fences,  roads, 
rivers,  houses,  woods,  hills,  &c.,  in  their  true  relative  dimensions 
and  posifioia.  It  is  a  miniature  copy  of  the  field,  fa.rm,  &c.,  aa  it 
would  be  seen  by  an  eye  momg  over  it ;  or  as  it  would  appear,  if 
from  every  point  of  its  irregular  surface,  plumb  lines  were  dropped 
to  a  level  surface  under  it,  forming  what  is  called  in  geometricaJ 
language,  its  horizontal  projection. 

(36)  Platting.  A  plat  of  a  sun'ey  is  a  skeleton,  or  outline 
map.  It  is  a  figure  "  similar"  to  the  original,  having  all  its  angles 
equa],  and  its  sides  propoi'tional.  Every  inch  on  it  represents  a 
foot,  a  yard,  a  rod,  a  roile,  or  some  other  length,  on  the  ground ; 
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all  the  rceaaured  distances  being  diminished  in  exactly  the  samn 
ratio. 

Platting  is  repeating  on  paper,  to  a  smaller  scale,  ihe  mea 
surements  wUak  haw  been  made  on  ike  ground. 

Its  varioTis  operations  may  tlierefore  be  reduced,  in  accordance 
with  the  priociplea  established  in  the  Fig  i" 

first  chapter,  to  two,  viz  dra^img 
a  straight  line  in  a  given  diieLtioa 
and  of  a  given  length ,  and  desciib- 
ing  an  arc  of  a  circle  with  a  ladms 
whose  length  is  also  given  The 
onlj  instruments  absolutely  necessary  for  tlua,  axe  a  straight  ruler, 
and  a  pair  of  "  dividers,"  or  "  eompasbes."  Others,  however,  are 
often  convenient,  and  will  be  now  briefly  noticed. 

(37)  Straight  Limes.  These  are  usuaJly  drawn  by  the  aid  of  a 
straight-edged  ruler.  But  to  obtain  a  very  long  straight  line  upon 
paper,  stretch  a  fine  silk  thread  between  any  two  distant  points, 
and  mark  in  its  line  various  points,  near  enough  together  to  be 
afterwards  connected  by  a  common  ruler.  The  thread  may  also 
be  blackened  with  burnt  cork,  and  snapped  on  the  paper,  as  a 
carpenter  snaps  liia  ciiaJk  line ;  but  tliis  -is  liable  to  iuaoeuracies, 
from  not  raising  the  line  verticfilly. 

(38)  Arcs.  The  arcs  of  circles  used  in  fixing  the  position  of  a 
point  on  paper,  are  usually  described  with  compasses,  one  leg  of 
which  carries  a  pencil  point.  A  convenient  substitute  is  a  strip 
of  pasteboard,  through  one  end  of  which  a  fine  needle  is  thrust  into 
the  given  centre,  and  through  a  hole  in  which,  at  the  desired  dis- 
tance, a  pencil  point  is  passed,  and  can  thus  describe  a  circle  about 
the  centre,  the  pasteboard  keeping  it  alwaj's  at  the  proper  distance. 
A.  string  is  a  still  readier,  hut  less  accurate,  matrument. 

(39)  ParaliciS.  The  readiest  mode  of  drawing  pai-allel  lines 
ia  by  tlie  aid  of  a  triangular  piece  of  wood  and  a  ruler.     Let  AB 
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Drawing  the  Map. 


y  it  on  the 


be  the  hue  to  ivhich  a  parallel  ia  to 
be  drawn,  and  C  the  pomt  through 
which  it  must  pass.  Pla«e  one 
aide  of  the  triangle  against  the 
line,  and  place  the  niler  against , 
another  side  of  the  ti^angle.  Hold 
the  ruler  firm  and  immovable,  and 
shde  the  triangle  along  it  till  the  side  of  the  triangle  which  had  coin- 
cided with  the  ^Y6n  Hne,  passes  through  tho  given  point,  Thi3 
side  mil  then  be  pai'allel  to  that  given  line,  and  a  line  drawn  hy 
it  will  be  the  line  required. 

Another  easy  method  of  drawmg  parallels,  is  by  means  of  a  T 
square,  an  insti-ument  very  valuable  for  many  other  purposes.  It 
is  nothing  but  a  i-uler  let  into  a  thicter  piece  of  wood,  very  truly 
at  right  angles  to  it.  For  this  use  of  it,  one  side  of  the  c 
mmt  be  even,  or  "  fli:^h,"  mth  the  ruler.  To  use  it,  ] 
paper  so  that  one  edge  of  the 
ruler  couieidea  with  the  ^ven  line 
AB.  Place  another  ruler  ag^nst 
die  cross-piece,  hold  it  firm,  and 
slide  the  X  square  along,  till  its 
edge  passes  through  the  given 
point  C,  as  shown  by  the  lower 
part  of  the  figure.  Then  draw 
by  this  edge  the  desired  Ihie  paral- 
lel to  the  ^ven  line. 

(40)   Pcrpeiidicniars.     These  may  he  drawn  by  1 
problems  given  in  Geometry,  but  more  readily  by  a  triangle  wluch 
has  one  right  angle.     Place  the  longest  "^'S-  ^'^• 

side  of  the  triangle  on  the  ^ven  luie, 
and  place  a  ruler  against  a  second  side 
of  the  triangle.  Hold  the  ruler  fast,  . 
and  turn  the  triangle  so  as  to  bring  ita 
third  Side  against  the  ruler.  Then  will 
the  long  side  be  perpendicular  to  the 
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given  line.  By  aliding  tlie  Uiaiigle  along  the  rului',  it  may  ba 
used  to  draw  a  perpendicular  from  any  point  of  tlie  line,  or  from 
any  point  to  tlie  line. 

(4!)  Alleles.  These  are  i.io&t  easily  set  out-  with  an  instru- 
mcat  called  a  Protractor,  usually  a  Eeml-circle  of  brass.  Eut  tbe 
description  of  its  use,  and  tf  tlie  other  and  more  accurate  modes 
of  laying  off  angles,  ivill  be  postponed  till  they  are  needed  in  Part 
Til,  Chapter  IV. 

(42)  )>rawiiig  ts  Scale.  The  operation  of  drawing  on  paper 
iines  whose  length  shall  be  a  half,  a  quarter,  a  tenth,  or  any  other 
fraction,  of  the  lines  measured  on  the  ground,  ia  called  "  Drawing 
to  Scale." 

To  set  off  on  a  line  any  given  distance  to  any  required  scale, 
determine  the  number  of  chains  or  links  which  each  division  of 
the  scale  of  eqnal  parts  shall  represent.  Divide  the  given  distaajce 
by  this  number.  The  quotient  will  be  the  number  of  equal  parts 
to  tie  talien  in  the  dividers  and  to  he  set  off. 

I'or  example,  suppose  the  scale  of  eqnal  parts  to  be  a  common 
carpenter's  rule,  divided  into  inches  and  eighths.  Let  the  g^ven 
distance  be  twelve  chains,  which  is  to  be  drawn  to  a  scale  of 
two  chains  to  an  inch.  Then  six  inches  will  be  the  distance  to  be 
set  off.  If  the  given  distance  had  been  twelve  chains  and  seventy 
Qve  links,  the  distance  to  be  set  off  would  have  been  six  inches 
and  three-eighths,  since  each  eighth  of  an  inch  represents  25  links. 

If  the  desired  scale  were  three  chains  to  an  inch,  each 
eighth  of  an  inch  would  represent  S7^  links ;  and  the  distance 
of  1275  links  would  be  represented  by  thirty-four  eighths  of  an  inch, 
nr  4^  inches. 

A  sinular  process  will  give  the  correct  length  to  he  set  off  for 
any  distance  to  any  scale, 

If  the  scale  used  had  been  divided  hito  inches  and  tenths,  as  is 
much  the  most  convenient,  the  above  distances  would  have  become 
on  the  former  scale  Q^^^  inches,  or  nearly  6j^^  inches ;  and  on  the 
latter  scale  4y(,"|j  inches,  coming  midway  between  the  2d  and  Sd 
tenth  of  an  inch. 
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(43)  ConvBTsely,  to  find  the  real  lengtii  of  a  line  drawn  on 
paper  to  any  knoviii  scale,  reverse  the  preceding  operation.  Take 
the  length  of  the  line  in  (he  dividers,  apply  it  to  the  scale,  aiid 
count  how  many  equal  parts  it  includes.  Multiply  their  number 
by  the  number  of  chains  or  links  which  each  represents,  and  the 
product  will  be  the  desired  length  of  the  line  on  the  ground. 

Tliis  operation  and  the  preceding  one  are  greatly  facihtat«<I  by 
t!ie  U30  of  the  scales  to  be  described  in  Art.  (48) 

(4-i)  Scales.  The  choice  of  the  scale  to  which  a  plat  should  he 
drawn,  that  is,  how  many  times  smaller  its  lines  shall  be  than  those 
which  have  been  measured  on  the  ground,  is  determined  by  several 
eonsiderationa.  The  chief  one  is,  that  it  shall  be  just  large  enough 
to  express  cleai'ly  all  the  detiuls  which  it  is  desirable  to  Imow.  A 
FaiTo  Survey  ivould  require  its  plat  to  show  every  field  and  build- 
ing. A  State  Survey  would  show  only  the  towns,  rivers,  and  lead- 
ing roads.  The  size  of  the  paper  at  hand  will  also  limit  the  scale 
to  be  adopted.  If  the  content  is  to  be  calculated  from  the  plat, 
that  will  forbid  it  to  be  less  than  3  chains  to  1  inch. 

Scales  are  named  in  various  ways.  !}^het/  should  always  he 
expreiied  fractionally ;  i.  e.  they  should  be  so  named  as  to  indicate 
what  fi'afitional  part  of  the  real  line  meaaured  on  the  ground,  the 
representative  line  drawn  on  the  paper,  actually  is.  When  custom 
requh'es  a  different  way  of  naming  the  scale,  both  should  be  given. 
It  would  be  still  better,  if  the  denominator  could  always  be  some 
power  of  10,  or  at  least  some  multiple  of  2  and  5,  such  as  -^Ja, 
isW;  ^iiVe»  25u3'  ^°'  ■^°'"  convenience  in  printing,  these  may  bo 
written  thus :  1 :  500, 1 :  1000, 1 :  2000, 1 :  2500,  &c. 

Plats  of  Farm  Surveys  are  usually  named  as  behig  so  many 
chains  to  an  inch. 

Maps  of  Surveys  of  States  e,vo  generally  named  as  being  made 
to  a  scale  of  so  many  miles  to  an  inch. 

Maps  of  Railroad  Surveys  are  said  to  be  so  many  feet  to  au 
bcb,  or  so  many  inches  to  a  mile. 

(45)  Farm  Sliireys.  If  these  are  of  small  extent,  two  chains 
to  one  inch  (which  is  =  ^-^  ^^^  ^^  =  -^^=1: 1584)  is  convenient 
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A  scale  of  one  chain  to  one  inch  (1 ;  792)  is  useful  for  plans  of  build 
jnga.  Tliree  chaios  to  one  inch  (1:2B76)  is  suitable  for  larger 
farms.  It  is  the  scale  prescribed  by  the  English  Tithe  CommiS' 
eioners  for  theu-  first  class  maps. 

In  France,  the  Cadastre  Surveys  are  lithographed  on  a  soalo 
about  equivalent  to  this,  being  1 :  2500.  The  original  plans  are 
dravm  to  a  scale  of  1:5000.  Plans  for  the  division  of  property 
are  made  on  the  former  scale.  When  the  district  exceeds  3000 
acres,  the  scale  is  1:10,000.  When  it  exceeds  7,500  a«res,  the 
Bcalo  13  1:20,000.  A  coromon  scale  in  France  for  small  surveys 
is  ]  :1000;  about  1\  chains  to  1  mch. 

Fig,  16. 
. orJE   ACRE 


[    SC^tG    OF    1    CHAIN    TO    1  II 


-i-^-eirAisa~^G-^:-:EfCTH- 


- 

"      " 

— ] 
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The  choice  of  the  most  suitable  scale  for  the  plat  of  a  farm  sur 
vey,  may  be  facihtated  by  the  Figure  ^ven  above,  which -shows 
the  actual  sf  ace  occupied  by  one  acre,  (the  customary  uiiit  of  land 
measure),  laid  out  ia  the  form  of  a  square,  on  maps  dra^m  to  the 
various  scales  named  in  the  figure. 
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(16)   State  SarvcySi      On   these   surveys,  smallei'   scales   are 


On  the  admirable  United  States  Coast  Survey,  all  the  scales 
are  expressed  fractionally  and  decimally.  "  The  sui-veys  are 
gcnerdly  platted  originally  on  a  scale  of  one  to  ten  or  twenty  thou- 
sand, but  in  some  instances  the  scale  is  larger  or  smaller. 

These  onginal  surveys  are  reduced  for  engraving  and  publica- 
tion, and  when  issued,  are  embraced  in  three  general  classes.  1°, 
small  Harbor  charts ;  2°,  charts  of  Bays,  Sounds,  and  3°,  of  tlie 
Coast  General  Cbai-ts. 

The  scales  of  the  fii-st  class  vary  from  1:10,000  to  1:60,000, 
according  to  the  nature  of  the  Haj-bor  and  the  different  objects  to 
be  represented. 

Where  there  are  many  shoals,  rocks,  or  otlier  objects,  as  in 
Nantucket  Harbor  and  Hell-Gate,  or  ivliero  the  importance  of  tlie 
harbor  makes  it  necessary,  a  larger  scale  of  1:5,000, 1:10,000, 
and  1:20,000  is  used.  But  where,  from  the  size  of  the  harbor, 
or  its  ease  of  access,  a  smaller  one  will  point  out  every  danger  with 
sufficient  exactness,  the  scales  of  1:40,000  and  1:60,000  ai'e 
used,  as  in  the  case  of  New-Bedford  Harbor,  Cat  and  Ship  Island 
Harbor,  New-Haven,  &c. 

The  scale  of  the  second  class,  in  consequence  of  the  large  areas 
to  be  represented,  is  usually  fixed  at  1 :  80,000,  as  in  the  case  of 
New-York  Bay,  Delaware  Bay  and  River.  Preliminary  charts, 
however, are  issued, of  various  scales  froml:80, 000  to  1:200,000. 

Of  tlie  third  class,  tbe  scale  ia  fixed  at  1:400,000,  for  the 
General  Chart  of  the  Coast  from  Gay  Head  to  Cape  Henlopen, 
although  conaderatjons  of  the  proxunity  and  importance  of  points 
on  the  coast,  may  change  the  scales  of  chai"is  of  other  portions  of 
eur  extended  coast."* 

Tlie  National  Survey  of  Gfreat  Biitain  is  called,  from  the  corps 
employed  on  it,  the  "  Ordnance  Survey." 

The  "  Ordnance  Survey"  of  the. southern  counties  of  Eni^land 
was  platted  on  a  scale  of  2  inches  to  1  mile,  (1:31,080),  snd 
reduced  for  publication  to  that  of  one  inch  to  a  mile,  (1:63,300), 
The  scale  of  6  inches  to  a  mile  (1:10,500)  was  adopted  for  tho 

'  C.mimmiitaled  fvoin  the  O.  S.  Coast  Survey  office. 
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nortliem  coimties  of  England  and  for  tho  southern  counties  of  Scot- 
land. The  same  Bcale  was  employed  for  platting  and  engraving  in 
outline  the  "  Ordna,nce  Survey"  of  Ireland.  But  a  map  on  a 
seala  of  1  inch  to  1  mile  (1 :  63,360)  is  about  to  he  puhlished,  the 
former  scale  rendering  the  maps  too  unwieldy  and  cumbrous  fcr 
consultation. 

The  Ordnance  Survey  of  Scotland  was  at  firat  platted  on  a  scale 
of  six  inches  to  one  mile,  (1 :  10,560).  That  scale  has  since  been 
abandoned,  and  it  is  now  platted  on  a  scale  of  two  inches  to  1  mile, 
(1 :  31,680) ,  and  the  general  maps  are  made  to  only  half  that  scale. 

The  Ordnance  Survey  scale  for  the  maps  of  London  and  other 
large  toivns,  is  5  feet  to  1  mile,  (1 :  1056),  or  IJ  chains  to  one  inch. 

In  the  "Surveys  under  the  Public  Health  act'"  of  England, 
the  BoaJe  for  the  general  plan  is  two  feet  to  one  mile,  (1:2,640)  ; 
and  for  tlie  detailed  pian,  ten  feet  per  mile,  (1:528),  or  two-thirds 
of  a  chain  per  inch. 

The  Govei-nment  Survey  of  France  is  platted  to  a  scale  of 
1:20,000.  Copies  are  made  to  1:40,000;  and  the  maps  are 
engraved  to  a  scale  of  1 ;  80,000,  or  about  |  inch  to  1  mile. 

CasMni's  famous  map  of  France  was  on  a  scale  of  1 :  86,400. 

The  French  War  Department  employ  the  scales  of  1 :  10,000 ; 
1:20,000;  1:40,000;  and  1:80,000;  for  the  topogi-aphy  of 
France. 

(47)  Eaii-roail  Surreys.  For  these  the  New-York  General 
Rail-road  Law  of  1850  directs  the  scale  of  maps  which  are  to  be 
filed  in  the  State  Engineer's  Office,  to  be  five  hundred  feet  to  one- 
tenth  of  a  foot,  (=  1 :  5000.) 

For  the  New- York  Canal  Maps  a  scale  of  2  chains  to  1  inch 
(1 :  1584)  is  employed. 

The  Parliamentary  "  standing  orders"  prescribe  the  plana  of 
Rail-roads,  prepared  for  Parliamentary  purposes,  to  be  made  on  a 
scale  of  not  less  than  4  inches  to  the  mile,  (1 :  15840)  ;  and  the 
enlarged  portions  (as  of  gardens,  coui-t-yards,  fee.)  to  be  on  a  scale 
not  smaller  than  400  feet  to  the  inch,  (1 :  4800.)  Accordingly 
•Jie  practice  of  English  Railway  Engineers  is  to  draw  the  whole 
[)laa  to  a  scale  of  6  chauis,  or  396  feet  to  the  inch,  (1 ;  4752^  as 
being  just  within  tho  Parliamentary  limite. 
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In  Praueo,  the  Engineers  of  "  EricIgGs  and  Roads"  (Corps  des 
Pouts  et  Cliaussees)  employ  for  the  general  plan  of  a  road  a  scale 
of  1 :  5000,  and  for  appropriationa  1 :  500. 

(48)  In  the  United  States  Engineer  aerviee,  the  following  scales 
are  prescribed : 

GeQeral  plaus  of  buiUinga,  1  inch  to  10  fett,  (1;1S0). 

Mops  of  gi'oimd,  wifh  horizontal  curves  one  foiJC  apaif,  1  inch  to  50  Ifeet,  (l;6U0i. 

Topographical  mapa,  one  mile  and  a  half  square,  5  feet  to  ono  mile,  (1 :  S,640). 

Do.  conipi-iaing  thi'ae  miles  square,  1  foot  to  one  niila,  (1:5,330). 

Do.  between  four  and  eight  miles  square,  6  inches  to  one  mile,  ( 1 :  10,560). 

Do.  comprising  nine  miles  square,  <t  inches  to  one  mile,  (1 :  15,S40). 

Maps  not  exceeding  34  miles  square,  2  inches  to  one  miie,  (1:31,680). 

Maps  oompriaing  50  roilea  square,  1  inch  to  one  mile,  {1 :  63,360). 

Maps  comprising  100  miles  square,  i  inch  to  one  mile,  (1 :  126,730.) 

Surveys  of  Roads,  Canals,  &c.,  I  inch  to  50  feel,  (1 :  60U). 

(49)  The  most  convenient  scales  of  equal  parts  are  those  of  box. 
wood,  or  ivory,  ■which  have  a  fidueial  or  feather  edge,  along  which 
they  are  divided,  so  that  distances  can  be  at  once  marked  off  from 
this  edge,  without  requiring  to  he  taien  off  with  the  dividers  ;  or 
the  leagtli  of  a  ^ven  line  can  be  at  once  read  off.  Box-wood  is 
preferable  to  ivory  as  much  less  liahle  to  warp,  or  to  vary  in  lengtli 
with  changes  in  the  moisture  in  the  air. 

The  student  can,  however,  make  for  himself  platting  scales  ol 
drawing  paper,  or  Bristol  board.  Cut  a  straight  strip  of  this  mate- 
rial, about  an  inch  wide.     Draw  a  line  through  its  middle,  and  set 


off  on  it  a  number  of  equal  parts,  each  representing  a  chain  to  the 
desired  scale.  Sub-divide  the  left  hand  division  into  ten  equal 
parts,  each  of  which  will  therefore  represent  ten  links  to  this  scale. 
Through  each  point  of  division  on  the  central  line,  draw  (with 
the  T  square)  perpendiculars  extending  to  the  edges,  and  the 
scale  is  made.  It  explains  itself.  The  above  figure  is  a  scale  of 
2  chams  to  1  inch.  On  it  the  distance  220  links  would  extend 
U 
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between  t!ie  arrow-Keada  above  the  line  in  the  figure  ;  660  linTra 
extends  between  the  lower  an-ow-hoads,  &c, 

A  paper  scale  has  tlio  groat  advantage  of  varying  less  from 
A  plat  which  has  been  made  bj  it,  in  consequence  of  changes 
in  the  weather,  than  any  other.  The  mean  of  many  trials 
showed  the  difference  between  such  a  scale  and  drawing  paper, 
when  exposed  alternately  to  the  damp  open  atmosphere,  and  to  the 
air  of  a  warm  dry  room,  to  be  equal  to  .005,  while  that  between 
box-wood  scales  and  the  paper  ivas  .012,  or  nearly  2-^  times  aa 
much.     The  difference  ivith  ivory  would  have  been  even  greater. 

Some  of  the  more  usual  platting  scaJes  are  here  given  in 
their  actual  dimensions. 

In  these  five  figures,  different  methods  of  drawing  the  scales 
have  been  given,  but  each  method  may  be  applied  to  any  scale. 
The  first  and  second,  being  the  most  simple,  are  generally  the  beat. 
Tn  the  third  the  subdivisions  are  made  by  a  diagonal  line ;  the 
distances  between  the  various  pairs  of  aiTow  heads,  begimiing  with 
the  uppermost,  are,  respectively,  810,  540,  and  270  links. 

Fig.  18.     Scale  of  1  chain  to  1  inch. 
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Fig.  19.     Scale  of  2  claim 


Fig.  20.     Scale  of  3  diahu 
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In  the  fourth  figure  the  distances  between  the  aiTOw  h 
respectively  310,  270,  and  540  Imks. 

Fig.  21.     Scale  of  4  chains  to  1  i^ieh. 
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In  tlie  fifth  figure  llie  scale  of  5  cliaios  to  i  iiioh  is  subdivided 
diagonally  to  only  every  quarter  chain,  or  25  links.  The  distance 
between  the  upper  pair  of  arrow-heads  on  it  is  12^  chains,  or  12.25 ; 
betweea  the  next  pair  of  arrow-heads,  it  ia  6.50  ;  and  between  the 
lower  pair,  14.75. 

Fig.  22.     Scale  of  5  chains  to  I  inch. 
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A  diagonal  scale  for  dividing  an  inch,  or  a  half  inch,  into  100 
equal  parts,  ia  found  on  the  "  Plain  scale"  in  every  case  of  instru- 
ments. 


(5)i)  Vernier  Scale,  This  is  an  ingenious  substitute  for  the 
diagonal  scale.  The  one  given  in  the  following  figure  divides  an 
inch  into  100  equal  parts,  and  if  each  inch  be  supposed  to  represent; 
a  chain,  it  gives  single  links. 

Fig.  33. 
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Make  a  scale  of  an  inch  divided  into  tentha,  as  in  the  apper 
scale  of  the  above  figure.  Take  in  the  dividera  eleven  of  these 
divisions,  and  set  off  this  distance  from  the  0  of  the  scale  to  the 
left  of  it.  Divide  the  distance  thus  set  off  into  10  equal  paria. 
Each  of  them  will  be  one  tenth  of  eleven  tentha  of  one  inch ;  i.  e. 
eleven  hundredths,  or  a  tenth  and  a  hundredtJi,  and  the  first  di- 
vision on  the  short,  or  vernier  scale,  will  overlap,  or  be  longer  than 
the  first  division  on  the  long  scaJe,  by  just  one  hundredth  of  an 
inch ;  the  second  div^ion  will  overlap  two  hundredths,  and  so  on. 
The  principle  will  be  more  fully  developed  in  treating  of  "  Verniers," 
PajH;  IV,  Chapter  II, 

Now  suppose  we  wish  to  take  off  from  this  scale  275  hundredths 
of  au  iuch.  To  get  the  last  figure,  we  must  take  five  divisions  on 
the  lower  scale,  which  will  be  55  hundredths,  for  the  reason  just 
g^vea.     220  will  remain  which  are  to  be  taten  from  the  upper 


Hosted  by 


Google 


I'CSDAJIESTAL  CPEIUTIOHS, 


L" 


scale,  and  the  entire  number  will  be  obtained  at  once  by  exte 
the  dividers  between  the  an'ow-heads  in  the  figure  from  220  on  the 
upper  scale  (measuring  along  its  lower  aide)  to  55  on  the  lower  scale, 
254  woald  extend  from  210  on  the  upper  scale  to  44  on  the  lower. 
318  would  extend  fi'ora  230  on  the  upper  scale  to  88  on  tho  lower. 
Always  be^a  then  with  subtracting  11  times  the  last  figure  ffom 
the  given  number ;  find  the  remainders  ou  the  upper  scale,  and 
tho  number  subtracted  on  the  lower  scale. 


(51)  A  plat  is  sometimes  made  by  a  ncmlnally  reduced  scale 
in  the  following  manaer.  Suppose  that  the  scale  of  the  plat  is  to 
be  ten  chains  to  one  inch,  and  that  a  diagonal  scale  of  inches,  divided 
into  tenths  and  hundredths,  ia  the  only  one  at  hand.  By  dividing 
aU  the  distances  by  ten,  this  scale  can  then  be  used  without  any 
further  reduction.  But  if  the  content  is  measured  from  the  plat 
to  the  same  scale,  in  the  manner  explained  ia  the  next  chapter,  the 
result  must  be  multipHed  by  10  times  10.  This  is  called  hy  old 
Surveyors  "  Raising  the  scale,"  or  "  Eestoring  true  measure." 

(52)  Sectoral  Scales.  The  Sector,  (called  by  tlie  French 
"  Compass  of  Proportion"),  is  an  instrument  sometimes  convenient 
for  obtaining  a  scale  of  equal  parts.  It  is  in  two  portions,  turning 
on  a  hmge,  like  a  carpenter's  pocket  rule.  It  contains  a  great 
number  of  scales,  but  tlie  ono  intended  for  this  use  is  lettered  ac  iia 
ends  L  in  English  instruments,  and  consists  of  two  lines  running 
from  the  centre  to  the  ends  of  tho  scale,  and  each  divided  into  ten 
equal  parts,  each  of  which  is  again  subdivided  inta  10,  so  that  each 
leg  of  the  scale  contains  100  fig.  24. 

equil  la  ts  To  'lluatr  te 
its  I  se  s  i  I  e  th  1 1  s  le 
of  7  cl  ams  t  1  n  h  is 
quhel  T'lle  1  nch  m  the 
diviie-s  inl  ojen  the  see 
tor  1 11  tl  13  listance  vJl  just 
read  f  oii  tl  e  7  n  one  le^, 
totl  ntloole  11 
sector  IS  then     set    t&i  this 
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scale,  and  tlie  angle  of  its  opeiiing  must  not  bo  again  chaiiged. 
Now  let  a  distance  of  580  links  lie  reqmred.  Open  the  dividers 
till  they  reach  frani  58  to  58  on  the  two  legs,  as  in  the  clotted  Ime 
in  the  figure,  and  it  is  the  required  distance.  Again,  suppose  that 
&  scale  of  2^  chains  to  one  inch  is  desired.  Open  the  sector  so 
that  1  inch  shall  extend  from  25  to  25.  Any  other  scale  may  te 
obtained  in  the  same  manner. 

Conversely,  the  length  of  any  known  line  to  any  desired  scale 
can  thus  he  readily  determined. 

(53)  Whatever  scale  may  be  adopted  for  platting  the  survey,  it 
should  be  drawn  on  the  map,  both  for  convenience  of  reference, 
and  in  order  that  the  contraction  and  expansion,  caused  by  changes 
in  the  quantity  of  moisture  in  the  atmosphere,  may  affect  the  scale 
and  the  map  alike.  When  the  drawing  paper  has  been  wet  and 
glued  to  a  board,  and  cat  off  when  the  map  is  completed,  its  con- 
tractions have  been  foimd  by  many  observations  to  average  from 
one-fourth  to  one-half  per  cent,  on  a  scale  of  3  chains  to  an  inch, 
(1:2376),  which  would  therefore  require  an  allowance  of  from 
one-half  perch  to  one  perch  per  acre, 

A  scale  made  as  directed  io  Art.  (49),  if  used  to  make  a  plat 
en  unstretched  paper,  and  then  kept  with  the  plat,  will  answer 
nearly  the  same  purpose. 

Such  a  scale  may  be  attached  to  a  map,  hy  slipping  it  through 
two  or  three  cuts  in  the  lower  part  of  the  sheet,  and  will  be  a  very 
convenient  substitute  for  a  pair  of  dividers  in  measuring  any  dis- 
tance upon  it. 

(54)  Scale  oiuitied.  It  may  be  required  to  find  the  unknown 
scale  to  which  a  given  map  has  been  drawn,  its  superficial  content 
being  known.  Assume  any  convenient  scale,  measure  the  lines 
of  the  map  by  it,  and  find  the  content  by  the  methods  to  be  ^ven 
m  the  next  chapter,  proceeduig  as  if  the  assiuned  scale  were  the 
true  one.  Then  make  this  propoi'tion,  founded  on  the  geometrical 
principle  that  the  areas  of  similar  figures  are  as  the  squares  of  their 
corresponiling  sides :  ^s  the  content  found  Is  to  the  given  content 
So  is  the  square  of  tlie  assumed  scale  To  the  square  of  the  true  scale. 
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CHAPTER  IV. 


CALCULATING  THE  s;OSTEST. 

(55)  Tlie  CosTBST  of  a  piece  of  ground  is  ^ts  superficiai  area, 
or  the  mimbci"  of  square  feet,  yards,  acres,  or  milea  T^'hich  it 
contains. 


(56)  Mflrizoatal  Ulcasurcmcnfi  All  ground,  Iioivever  inclined 
or  unevea  its  surface  may  be,  should  be  measured  horizontally,  or 
as  if  brought  down  to  a  horizontal  plane,  so  that  the  surface  of  a 
hill,  thus  measured,  would  give  the  same  content  aa  the  level  base 
on  which  it  may  be  supposed  to  stand,  or  as  the  figure  which  would 
be  fonned  on  a  level  surface  beneath  it  by  dropping  plumb  lines 
from  every  poiiit  of  it. 

This  method  of  procedure  is  required  for  both  Geometrical  and 
Social  reasons. 

G-eometrically,  it  is  plain  tint  this  hnizcntil  measurement  is 
absolutely  necessary  foi  the  jurposo  of  obt\  mug  i  coiiett  jUt 
In  Tig.  25,  let  ABCD,  and  BOEF, 
be  two  square  lots  of  giound,  platted 
horizontally.  Suppose  the  giomd  to 
slope  in  all  directions  fiom  tho  ponfc 
C,  which  is  tlie  summit  of  a  hill 
Then  the  lines  BC,  DC,  measuied  on 
the  elopfc,  are  longer  thin  it  measui> 
ed  on  a  level,  and  the  field  ABCD, 
of  Hg.  25,  platted  with  these  long 
lines,  would  taJie  tho  shape  ABGD 
iQ  Fig.  26 ;  and  the  field  BCEF, 
of  Fig.  25,  would  become  EHEF  of 
Fig.  26.  The  two  adjoining  fields  would  thus  o 
and  the  same  difficulty  would  occur  in  every  ease  of  platting  any 
two  adjoining  fields  by  the  measurements  made  on  the  slope. 
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Let  us  suppose  amther  case, 
moie  Bimjle  thiimould  e\er  oc 
cur  in  pricti^e,  that  of  i  three 
bideil  fi^ld  of  equal  sidea  and 
composed  of  throe  poitiona  each 
eloping  diwn  unifoimly,  (_at  the 
rate  ot  one  to  one)  fiom  one  point  m  tho  centre,  as  in  Fig.  27. 
Eich  flope  being  aecuiately  phtted,  tlie  tliieo  could  not  come 
to^tthci,  but  ^ould  be  scpaiatcd  is  m  Fig  2b 

"We  ha\e  heie  taken  the  most  simple  cases,  thoso  of  uniform 
slope=<  But  ■with  the  common  iiiegulaiities  ot  uneven  ground,  to 
measuie  its  actual  suifice  would  njt  onl>  be  impioper,  but  impos- 
sible. 

In  the  Social  aspect  of  this'question,  the  horizontal  mcasnrement 
is  justified  by  the  fact  thatino  more  houses  can  be  built  on  a  hill 
than  could  be  built  on  its  flat  base ;  and  that  no  more  trees,  com, 
or  other  plants,  which >■  shoot  up  vertieally,  can  grow  on  it ;  as  is 
represented  by  the  vertical  lines  in  the 
Figure.*    Even  if  a  side  hill  should  pro-  -A 

duce  more  of  certain  ci-eeping  plants,  the  y]-^\  \  \ 
increased  difficulty  in  their  cultivation,  might  perhaps  balance  this. 
For  this  reason  the  surface  of  the  soil  thus  measured  is  aometimea 
called  the  productive  hose  of  the  ground. 

Again,  a  piece  of  land  containing  a  hill  and  a  hollow,  if  meaaurea 
on,  the  surface  would  g^ve  a  larger  content  than  it  would  after  the 
hollow  hai  been  filled  up  by  the  hill,  while  it  would  yet  really  be 
of  greatc '  value  than  before. 

Horizontal  measurement  is  called  the  "  Method  of  Cultellation," 
a.nd  Superficial  measurement,  the  "Method  of  Developement."f 

An  act  of  the  State  of  New- York  prescribes  that  "  The  a«re,  for 
land  measure,  shall  be  measured  horizontally," 

"  This  tjueslioti  ia  more  than  two  Ihoiisantl  years  old,  for  Polybios  writes, 
'Some  even  of  those  who  are  employed  in  tlie  adminiitrDtion  of  elatee,  or  placed 
at  the  head  of  armies,  imagine  that  unequal  and  hilly  ground  will  contain  mota 
bonaes  than  a  surface  which  is  flat  and  level  This,  however,  is  not  the  trath. 
For  the  honBes  bein^  raiseit  in  a  vertical  line,  form  right  nnsles,  not  with  llje  de- 
clivity of  the  ground,  but  with  tho  flat  surface  which  ties  below,  and  ujiuii  which 
the  hills  themselves  also  stand." 

"     doff:    iha  Idltei 
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(57)  Unit  of  f  ontenti  The  Aa  e  is  tho  unit  of  land-measm-o- 
ment.  It  contair,^  4  Koods.  A  Hood  contains  40  Perches.  A 
Pej'cli  is  a  square  Rod ;  otherwise  called  a  Perch,  or  Pole.  A 
Rod  is  6^  yards,  or  16  J  feet. 

Hence,  1  acro:=4  Hoods  =  160  Perches  ^=  4,840  square 
yards  =  43,560  square  feet. 

One  square  mile  =  5280  X  5280  feet  =  640  acres. 

Since  a  chain  is  66  feet  long,  a  square  ch^i  eontams  4353 
square  feet ;  and  consequently  ten  square  cTudns  make  one  acre.' 

In  different  parts  of  England,  the  acre  varies  greatly.  The 
statute  acre,  as  in  the  United  States,  contains  160  square  perches 
of  16^  feet,  or  43,560  square  feet.  The  acre  of  Devonshire  and 
Somcrsetahire,  contains  160  perches  of  15  feet,  or  36,000  square 
feet.  The  acre  of  Cornwall  is  160  perches  of  18  feet,  or  51,840 
square  feet.  The  acre  of  Lancashire  la  160  perches  of  21  feet,  or 
70,560  square  feet.  The  acre  of  Cheshire  and  Staffordshire,  ia 
160  perches  of  24  feet,  or  92,160  square  feet.  The  acre  of  Wilt- 
shire is  120  perches  of  16^  feet,  or  32,670  square  feet.  The  acre 
in  Scotland  consists  of  10  square  chains,  each  of  74  feet,  and  there- 
fore contains  54,760  square  feet.  The  acre  in  Ireland  is  the 
same  as  the  Lancashire.     The  chain  is  84  feet  long. 

The  French  units  of  land-measure  are  the  Are  =100  squai-e 
Metres,  =  0.0247  acre,  =  one  fortieth  of  an  acre,  nearly ;  and  the 
Hectare  =  100  Ares  =  2.47  acres,  or  nearly  two  and  a  half. 
Their  old  land-measures  were  the  "  Arpent  of  Paris,"  sontaining 
86,800  square  feet;  and  the  "Arpent  of  Waters  and  Woods," 
containing  55,000  square  fef'. 

(58)  When  the  Ci>ntent  of  a  piece  of  land  {obtained  by  any  of 
the  methods  to  be  explained  presently)  is  given  in  square  links,  aa 
ia  customary,  cut  off  four  figures  on  the  right,  (i.  e.  divide  by 
10,000),  to  get  it  into  square  chains  and  decimal  parts  of  a  chain ; 
cut  off  the  right  hand  figure  of  the  square  chains,  and  the  remain- 
ing figures  will  be  Aeres.  Multiply  the  remainder  by  4,  and  the 
figure,  if  any,  oufeide  of  the  new  decimal  point  ^vill  be  Roods. 
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Mtjtiply  the  remainder  bj  40,  and  the  outside  figures  wili  be 
Perches.  The  nearest  round  number  ia  wsually  taken  for  tho 
Peiches ;  fractions  less  than  a  half  perch  being  disregarded.* 


Thu3,  86.22  square  chains 

=  8  Acres 

2  Roods 

20  Perches. 

Also,  64.1818 

ao. 

=.6  A. 

IB. 

27  P. 

"      43.7664 

do. 

=  4  A. 

IK. 

20  P. 

"      71.1055 

do. 

—  7  A. 

OB, 

18  P. 

"      82.50 

do. 

=  8  A. 

IB. 

OP. 

"       8.260 

do. 

=  0  A. 

SB. 

12  P. 

0.8250 

do. 

=  0  A. 

OB. 

13  P. 

(59)  The  following  Table  gives  by  mere  inspection  the  Eooda 
and  Perches  corresponding  to  the  Decimal  parts  of  an  Acre.  It 
expl^ns  itself. 


1 

EOODS. 

Pe.,cl.es, 

HOODS. 

Percliea 

[_ 

0 

11 

2 

3 

0 

1   1   2 

3 

.000 

.260 

MO 

.756 

+  0 

.131 

.381 

,631 

.881 

+  21 

1 

.006 

.266 

.606 

.766 

+    1 

.137 

.387 

,637 

.887 

+  22 

1 

.012 

.262 

.612 

.762 

+  2 

.144 

.894 

.644 

.894 

+23 

.019 

.269 

,619 

.769 

+  3 

.160 

.400 

.650 

.906 

+24 

.026 

.276 

.626 

.775 

+  4 

.166 

.406 

.656 

.906 

+26 

.031 

.281 

.631 

.781 

+  6 

.162 

.412 

.662 

.912 

+26 

i 

.037 

.287 

,587 

,787 

+  6 

; 

.169 

,419 

.669 

.919 

+27 

1° 

.044 

.294 

,544 

,794 

+  7 

' 

.175 

.426 

,676 

.926 

+28 

is 

.050 

.800 

,550 

,800 

+  8 

' 

.181 

.431 

,681 

.931 

+29 

.056 

.306 

,556 

,806 

+  9 

^ 

.187 

.437 

,687 

.937 

+30 

^ 

.062 

.312 

.562 

.812 

+  10 

1 

.194 

.444 

.694 

.944 

+31 

t 

!o69 

.319 

.569 

.819 

+11 

J 

.200 

.450 

.700 

.960 

+32 

B 

.075 

.325 

.575 

.826 

+  12 

£ 

,206 

.466 

.706 

.966 

+  33 

■[3 

.OSl 

,831 

.681 

.831 

+  13 

'I 

,212 

,462 

.712 

.962 

+34 

I'Q 

.087 

.337 

.687 

.837 

+  14 

,219 

,469 

.719 

.969 

+86 

1 

.094 

.844 

.594 

.844 

+16 

,225 

,475 

.726 

.975 

+36 

.100 

.350 

.600 

.860 

+  16 

,231 

,481 

.731 

.981 

+  37 

j 

.106 

.856 

,606 

.856 

+  17 

.237 

.487 

.737 

.987 

+  38 

.112 

.862 

,612 

.862 

+  18 

.244 

.494 

.744 

.994 

+  39 

1 

.119 

.369 

,619 

.869 

+  19 

,250 

,500 

.750 

1.000 

+40 

126 

.376 

.625 

.876 

+20 

(60)  Cliitin  Cttrrcctlom.  When  a  survey  has  been  made,  and 
the  plat  has  been  drawn,  aod  the  content  calculated ;  and  after- 

*  To  rednce  square  yards  to  acres,  iiiateud  of  dividing  by  48J0,  it  ia  easier,  and 
fery  nearly  correct,  to  mnltiply  by  S,  cut  off  four  figures,  and  add  lo  this  pi'oducl 
iin^third  uf  oiie-tenlh  of  itself. 
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(rardg  the  chain  is  found  to  have  been  incorrect,  too  short  or  too 
long,  the  true  content  of  the  land,  may  be  found  hy  this  proportion : 
^s  the  square  of  the  length  of  the  standard  given  by  the  incorrect 
chain  Is  to  the  square  of  the  true  length  of  the  standard  So  is  the  cal- 
culated content  25:1  the  true  content.  Thus,  suppose  that  the  chain 
used  liad  been  so  stretched  that  the  standard  distance  measured  by 
it  appears  to  be  only  99  links  long ;  and  that  a  square  field  had 
been  measured  by  it,  each  side  containing  10  of  these  long  chains, 
and  that  it  had  been  so  platted.  This  plat,  and  therefore  the  con- 
tent calculated  from  it,  will  be  smaller  than  it  should  be,  and  the 
correct  content  ■will  be  found  by  the  proportion  99^  :  100^  :  :  100 
sq.  chains  :  102,03  square  chains.  If  the  chain  had  been 
stretched  so  as  to  be  101  true  links  long,  as  found  by  comparing 
it  vdth  a  correct  chain,  the  content  would  he  given  by  this  propor- 
tion; 100^  ;  101^  : :  100  square  chains  :  102,01  square  chains. 
la  the  former  case,  the  elongation  of  the  chain  waa  l^j  true  linlts ; 
and  100=  :  (101^?^)^  ::  100  square  chains  :  102.03  square 
chiuna. 

(61)  Bouiwlary  Lines.  The  Hnes  which  are  to  be  considered 
as  bounding  the  land  to  be  surveyed,  are  often  very  vmcertain, 
unless  specified  by  the  title  deeds. 

If  the  boundary  be  a  brook,  the  middle  of  it  is  usually  the  boun- 
daiy  line.  On  tide-waters,  the  land  is  usually  considered  to  estend 
to  low  water  mark. 

Where  hedges  and  ditches  are  the  boundaries  of  fields,  as  is 
almost  universaliy  the  case  in  England,  the  dividing  line  is  gene- 
rally the  top  edge  of  the  ditch  farthest  from  the  hedge,  both  hedge 
and  ditch  belonging  to  the  field  on  the  hedge  side.  This  varies, 
however,  witli  the  customs  of  the  locality.  From  three  to  six  feet 
from  the  i-oots  of  the  quickwood  of  the  hedges  are  allowed  for  the 
ditches 
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METHODS   OF  CALCULATION, 
(62)  The  various  methods  emplojed  in  calcuhiting  the  content 
of  a  piece  of  ground,  may  be  reduced  to  four,  which  maj  be  c^ed 
Arithmetical,  G-eometncal,  Instrummtal,  and  Trigonometrical. 


(68)  FIRST  METeOD.— AarrHMETlCALLY;  From  dire^ 
measurements  of  the  necesaan/  lines  on  the  ground. 

The  figures  to  Le  calculated  by  this  method  may  be  either  tlie 
shapes  of  (3ie  fields  which  are  measured,  or  fliose  into  wHch  tlie 
fields  can  be  i^vided  by  measuring  Tarioua  lines  across  them. 

The  familiar  rules  of  mensuration  for  the  principal  figures  which 
occur  in  practice,  will  be  now  briefly  enunciated. 


(64)  Rcctailg:les.  If  the  piece  of  ground  be  rectangular  in 
shape,  ite  content  is  found  by  multiplying  its  length  by  its  breadth. 

(63)  Triangles.  When  the  given  quantities  are  one  side  of  a 
triangle  and  the  perpendicular  distance  to  it  from  the  opposite 
angle ;  the  content  of  tiio  triangle  is  equal  to  half  the  product  of 
the  mde  and  the  perpendicular. 

When  the  given  quantities  are  the  three  aides  of  the  triangle ; 
add  together  the  three  sides  and  divide  the  sum  by  2 ;  from  tins 
half  sum  subtract  each  of  the  three  aides  in  turn ;  multiply  together 
the  half  sum  and  tho  three  remainders ;  ta,ke  the  square  root  of  the 
product ;  it  is  the  content  required.  If  the  sides  of  the  ta-iangle 
be  designated  by  a,  h,  c,  and  their  sum  by  s,  this  rule  will  give  its 
axea=  Vlls  (^s  — «)  (^s  — 5)  (^s  — e)].* 


Fig.  3(1. 


■  Wlien  two  Bides  of  a  triangle,  and  tlie  iiielud«J 
angle  are  given,  its  content  eqnsls  half  the  prodnct 
cf  its  stiles  into  the  sine  of  the  included  angle.  Df^ 
lignating  tho  aogles  of  the  triorigle  by  the  capital 
letters  A,B,D,  and  the  sides  opposite  them  bj  the  cor- 
responding small  letters  a,btC,  tho  area  =■  A  i*  fiin.  A. 

■When  one  side  of  a  tiiangle  and  the  adjacent  an- 
gles are  given,  its  content  equals  the  square  of  the  gift 
lines  of  each  of  the  given  angles,  and  divided  by  twic 
Iheae  angles.     Using  the  aanie  symbols  as  before,  the  area  ■•a*    aoin  (B  +  C) 

When  the  three  angles  of  a  triangle  and  its  altitude  are  given,  its  area,  referri 
to  the  above  fignre,  =  J  BD2  .  iTiTA^'sm.' c" 
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(66)  Parallclog:raiiis ;  or  foui'-sided  figures  whose  opposite 
Bides  are  parallel.  The  content  of  a  Parallobgram  equals  the 
product  of  one  of  its  sides  by  the  perpendicular  distanoo  between  it 
and  the  side  parallel  to  it. 

(67)  Trapezoids;  or  four-aided  figuies,  trvc/  opposite  sides  of 
which  are  parallel.  The  content  of  a  Trapezoid  equals  half  the 
product  of  the  sum  of  the  parallel  sides  bj  the  perpendicular  dis- 
tance between  them. 

If  the  ^yen  quantities  are  the  four  sides  a,  h,  e,  d,  of  which  i 
and  d  are  parallel;  then,  malting  q^^(^a  +  b  +  c  —  ti),  the  area 

.ayiq—e-)iq  —  h^d-).Y 

(68)  Quadrilaterals,  or  Trapeziums ;  four-sided  figures,  none 
of  whose  sides  are  parallel. 

A  very  gross  error,  often  committed  as  to  this  figure,  is  to  take 
the  average,  or  half  sum  of  its  opposite  sides,  and  multiply  them 
together  for  the  area;  thus,  assuming  the  trapezium  to  be  equiva^ 
lent  to  a  rectangle  with  these  averages  for  sides. 

In  practical  surveying,  it  is  usual  to  measure  a  line  across  it 
from  comer  to  comer,  thus  dividing  it  into  two  triangles,  whose 
sides  are  known,  and  which  can  therefore  be  calculated  by  Art.  (65).t 

"  When  two  parallel  aides,  b  Qiid  d,  and  a  third  side,  a,  are  friven,  and  also  the 
angle,  C,  which  lliia  third  side  makes  wilh  oue  of  the  parallel  sides,  tlieu  the 
content  of  the  trapezoid  =^-!ti  .  a .  ain.  G, 

t  When  two  oppmile  sides,  tmd  all  Ike  angles  are  gifen,  lalia  one  side  and  il«  ad- 
jacent  angles,  (or  their  Bnpplemonts,  when  their  saiii  exceeds  180°),  consider 
then  as  belonging  to  a  triangle,  and  find  its  area  by  [he  second  formnla  in  ihb 
note  on  page  43.  Do  the  same  with  the  other  side  and  its  adjacent  anglea.  The 
difference  of  the  two  areas  will  be  the  area  of  the  q a adii lateral. 

When  three  aides  aad  their  two  iitdndedangiee  are  given, multiply  together  the  siiM 
of  one  given  an^le  and  its  adjacent  sides.      Do  the  same  with  the  sine  of  the  other 

Siven  angle  and  its  ai^acent  sides.  Miil^ply  together  the  two  opposite  sides  and 
le  sine  of  the  supplement  of  llie  snni  of  the  given  angles.  Add  together  the  first 
two  prodacls,  and  add  also  the  last  product,  if  the  sum  of  the  given  angles  i« 
more  than  180°  or  Eublract  it  if  this  sum  be  less,  and  take  half  the  result.  Call- 
ing the  given  siues,  p,  g,  r;  and  the  angle  between  p  and  g  1=  A  ;  and  the  angle 
between  q  and  r-^TA;  the  area  of  the  quadrilateral 

-IC,   .to.A  +  ,.r;.iii.B  ±,.r    m,.  f  180"  -  A  -  B)]. 

When  the  four  tidet  and  tie  rait  of  imy  imo  opposite  angles  are  giveit,  proceed 

thus :   Take  half  the  sum  of  the  foui-  given  sides,  and  from  it  snblract  each  sida 

Mnlliply  together  the  four  remaindera,  and  reserve  the  jjroduc 

,9cd  bj  unity.     RcjiJii-J  the  sipll  of 
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(69)  Surfaces  hounded  ly  vTegularly  curved  lines.  The  nilea 
for  these  will  be  more  appropriately  given  in  connection  with  the 
surveys  which  mcasm-e  the  necessary  lines;  as  explained  in  Part 
II,  Chap.  III. 

(JO)  SECOND  SIEfiiOD,— GE05IE1M€ALL¥.  From  mea- 
surements of  the  neceisary  lines  upon  the  plat. 

(71)  Divisisn  Imta  Triangles.  The  plat  of  a  piece  of  ground 
having  been  drawn  from  the  measurements  made  by  any  of  tlie 
methods  which  will  he  hereafter  explained,  lines  may  be  drawn 
opon  the  plat  3o  as  to  divide  it  into  a  number  of  triangles.     Four 

Fig.  31.  I''ig.  35.  Fig.  33.  Fig.  34, 


ways  of  doing  this  are  shown  in  the  figures :  viz.  by  drawing  linea 
from  one  comer  to  the  other  comers ;  from  a  point  in  one  of  the 
sides  tc  the  corners ;  from  a  point  inside  of  the  figure  to  the  cor- 
ners ;  and  from  various  comers  to  other  corners.  The  last  method 
is  visually  the  best.  The  lines  ought  to  be  drawn  so  as  to  malse 
the  triangles  aa  nearly  equilatei'al  as  possible,  for  tlie  reasons  given 
in  Part  V. 

One  side  of  each  of  these  triangles,  and  the  length  of  the  per- 
pendicular let  fall  upon  it,  being  then  measured,  as  directed  in 
Art.  (43,)  tho  content  of  these  triangles  can  be  at  once  obtained 
by  multiplying  their  base  by  their  altitude,  and  dividing  by  two. 

The  easiest  methoQ  of  getting  the  length  of  the  perpendicular, 
without  actually  drawing  it,  is,  to  set  one  point  of  the  dividers 
at  the  angle  from  which  a  perpendicular  is  to  be  let  fall,  and  to 

the  coeiiie.  Subtract  thla  product  from  the  reserved  proriiiot,  Bud  take  the  squure 
toot  of  Uie  remainder.    It  will  ba  the  area  of  the  quadrilateral. 

Whtu  tkejbtir  tides,  and  Ihe  eeagU  of  taleraectUm  of  the  Magonala  of  ike  quoAtii^ 
lend  are  giiieai  sqohcb  each  side;  add  togellier  the  aquarea  of  the  opposite 
sidea;  tate  the  difiei-ecce  of  the  two  sums;  multiply  it  by  the  tangent  oi  tho 
angle  of  intei'section,  and  divide  by  fonr.    Tlie  quotient  vfill  he  the  avea. 

H'JSeii  the  diagotmli  cfthe  quadrilateral,  and  their  included  angle  are  gisen,  raat 
liply  together  the  two  diasminU  and  the;  sins  of  theii-  intiucled  iiJifrle,  u»d 
divide  by  two.      The  qiiiilieiit  wiU  be  the  arei. 
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open  and  shut  their  legs  till  an  avc  dnsciilifrl  by  the  other  jioinl 
will  just  touch  ihe  opposite  side. 

Otlierwiae;  a  platting  scale,  (described  in  Art.  (49)  maj  be 
placed  80  that  the  zero  point  of  its  edge  coincides  with  the  angle, 
and  one  of  ita  cross  linea  coincidea  with  the  aide  to  which  a  perpen- 
^cular  is  to  be  drawn.  The 'length  of  the  perpendicular  can  then 
at  once  be  read  off. 

The  method  of  dividing  the  plat  into  triangles  is  the  one  most 
commonly  employed  by  earveyors  for  obtaining  the  content  of  a 
survey,  because  of  the  simplicity  of  the  ctdculatioM  reijuired.  Its 
correctness,  however,  is  dependant  on  the  accuracy  of  the  plat, 
and  on  its  scale,  which  should  be  aa  large  a?  possible.  Three 
chains  to  an  inch  is  the  smallest  scale  allowed  by  tlie  English 
Tithe  Commissioners  for  plats  from  which  the  content  is  to  be 
detenamed. 

In  calculating  in  thia  way  the  content  of  a  farm,  and  also  of  ita 
separate  fields,  the  sum  of  the  latter  ought  to  equal  tho  former. 
A  difference  of  one  three-hundredth  (^J-jr)  is  considered  allowable. 

Some  surveyors  measure  the  perpendiculars  of  the  triangles  by 
a  scale  half  of  that  to  which  the  plat  is  made.  Thus,  if  the  scale 
of  the  plat  be  2  chains  to  the  inch,  the  perpendiculars  are  mear 
Buied  with  a  scale  of  one  chain  to  tho  inch.  The  product  of  the 
baae  by  the  perpendicular  thus  measured,  gives  the  area  of  the 
triangle  at  once,  without  its  requiring  to  be  divided  by  two. 

Another  way  of  attaining  the  same  end,  with  less  danger  of  mis- 
taJces,  is,  tn  construct  a  neiv  scale  of  equal  parts,  longer  than  those 
by  which  the  plat  was  made  in  the  ratio  i/2:l;  or  1.414:1. 
When  the  base  and  perpendicular  of  a  triangle  are  measured  by 
this  new  scale  and  then  multiplied  together,  the  product  ivill  be 
tlie  content  of  the  triangle,  without  any  division  by  two.  In  thia 
method  there  is  the  additional  advantage  of  the  greater  siae  and 
consequent  greater  distinctness  of  the  scale. 

When  tho  measurement  of  a  plat  is  made  some  time  after  ii  haa 
been  drawn,  the  paper  will  very  probably  havo  contracted  oj- 
expanded  so  tiiat  tho  scale  used  will  not  exactly  apply.  In  that 
case  a  correction  is  necessary.  Measure  very  precisely  the  present 
length  of  some  lin«  m  the  plat,  of  known  length  originally.     !l'hen 
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make  this  proportion :  As  the  sc(uare  of  tlie  preeent  length  of  this 
line  Is  to  ihe  square  of  its  original  length,  So  is  the  content  obtain 
ed  hy  the  present  measurement  To  the  true  content. 

(72)  Cfraphcal  MulU;plication.  Prepare  a  atrip  of  drawing 
paper,  of  a  width  exactly  equal  to  two  chains  oq  the  scaJo  of  the 
plat ;  i,  e,  one  inch  wide,  aa  in  the  figure,  for  a  scale  of  two  chains 
to  1  inch ;  two-thirds  of  an  inch  wide  for  a  scale  of  3  chtuos  ;  half 
an  inch  for  4  chidna ;  and  so  on.  Draw  perpendicular  lines  across 
the  paper  at  distances  representing  one-tenth  of  a  chain  on  the  scale 
of  the  triangle  to  be  measured,  thus  making  a  platting  scale.  Apply 
it  to  tlie  fciuaagle  so  that  one  edge  of  the  scale  shall  pass  through 
one  comer,  A,  of  the  triangle,  and  the  other  edge  through  another 

Fig.  35. 


i]  J  I  ii    I  ii  i  I     I  n. 


corner,  E ;  and  note  very  precisely  what  divisions  of  the  scale  are 
at  these  points.  Then  slide  the  scale  in  such  a  way  that  tlte 
pomfs  of  the  scale  which  had  coincided  with  A  and  B,  shall  always 
remain  on  the  line  BA  produced,  till  the  edge  arrives  at  the  point 
0.  Tlien  will  A'C,  that  is,  the  distance,  or  number  of  diviaons  on 
the  scale,  from  the  point  to  which  the  division  A  on  the  scale  has 
amved,  to  the  third  comer  of  the  trisingle,  express  the  area  of  the 
triangle  ABC  in  squai'e  chiwns.* 

•For,  fiom  0  draw  a  parallel  to  AB,  meeting  tlie  edge  of  llie  scale  iu  0';  anA 
ilraw  C'B.  Then  the  given  ti-iangle  ABC  =■  ABO'.  BHt  the  area  uf  this  last 
triaagle  =  AC  multiplied  by  half  the  width  of  the  Bcale,  i.  e.  =  AC  X  1  =  AC. 
But,  because  of  the  parallels,  A'O  =  AC.  Therefore  the  area  of  ihe  given  trian- 
gle ATiC  =  A'C  i.  e.  it  is  equal  in  square  chains  to  the  number  of  linear  chains 
rend  oft'  from  Ihe  scale.    Tliis  ingenious  operalion  is  due  to  M.  Cojismcry. 
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(73)   Bivislfti!  into  Trapezoids.     A  line  may  be  drawn  across 
the  field,  aa  in  Fig.  36,  and  pcrpcn-  Fig.  36. 

diculars  dra-wn  to  it.  The  field  will 
thus  be  divided  into  trapezoids,  (ex- 
cepting a  tiiangle  at  each  end), 
and  their  content  can  be  calculated 
by  Art.- (87). 

Othenviae  ;  a  Ene  may  be  drawr. 
ovitaide  of  the  figure,  and  per- 
pendiculars to  it  he  dra^ra  from 
ea«h  angle.  In  that  case  the 
diiference  between  the  trapezoids 
formed  by  lines  draivn  to  the 
outer  angles  of  the  figure,  and 
those  drawn  to  the  inner  angles, 
will  be  the  content. 

This  method  is  very  advantageously  applied  to  surveys  by  the 
3  will  be  explained  in  Part  III,  Chap.  VI. 


(T^)  BiTisioa  lato  S^wares.  Two  se^s  of  parallel  luies,  at 
right  angles  to  each  other,  y^^_  gg_ 

one  chain  apart  (to  the  scale 
of  the  plat)  may  be  drawn 
over  the  plat,  so  as  to  divide 
it  into  squares,  as  in  the 
figure.  The  number  of 
s  which  fall  within  the 
it  so  many  square 
chains ;  and  the  triangles  and 
trapezoids  which  fall  outside 
of  these,  may  then  be  calcu- 
lated and  added  to  the  entire  square  chmns  whieh  have  been 
counted. 

Instead  of  drawing  the  parallel  lines  on  the  plat,  they  may  bet- 
ter be  drawn  on  a  piece  of  transparent  "  tracing  paper,"  which  ia 
simply  laid  upon  the  plat,  and  the  squares  countod  as  before.     The 
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Hame  paper  will  answer  for  any  number  of  plats  drawn  to  the  same 
scale.  Tliis  method  is  a  valuable  and  easy  check  on  the  resnlta  of 
other  calciilalions. 

To  calculate  the  fractional  parte,  prepare  a  piece  of  tracing 
paper,  or  horn,  by  drawing  on  it  one  square  of  the  same  size  as  a 
square  of  the  plat,  and  subdividmg  it,  by  two  sets  of  ten  parallels  at 
right  angles  to  each  other,  into  hundredtlia.  This  will  measure  the 
fractions  remaining  from  the  former  measurement,  as  nearly  aa  caa 
be  desired, 

(75)  Division  into  Parallckgrams.  Draw  a  series  of  paral- 
lel lines  across  the  plat  at  equal  distances  depending  on  the  scale. 
Thus,  for  a  plat  made  to  a  scale  of  2  chains  to  1  inch,  the  distance 
between  the  parallels  should  be  2|  inches;  for  a  scale  of  3  chains 
to  1  inch,  1^  inch ;  for  a  scale  of  4  chains  to  1  mch,  g  inch ;  for 
a  scale  of  5  chains  to  1  inch,  -^s  ^"^  >  '^^^  f°i'  ^^7  scale,  make  the 
distance  between  the  parallels  that  fraction  of  ao  inch  which  would 
be  expressed  hj  10  divided  by  the  square  of  the  number  of  chains 
to  tiie  inch.  Then  apply  a  common  inch  scale,  divided  on  the 
edge  into  tenths,  to  these  parallels ;  and  every  inch  in  length  of 
the  spaces  Included  between  each  paii-  of  them  will  be  an  acre,  and 
every  tenth  of  an  inch  will  be  a  square  chain.* 

To  measure  the  triangles  at  the  ends  of  the  strips  between  tlie 
parallels,  pfepai-e  a  piece  of  transparent  horn,  or  stout  tracing 
paper,  of  a  width  equal  to  the  ividth  between  the  parallels,  and 
draw  a  line  through  its  middle  longitudinally.  Apply  it  to  the 
oblique  line  at  the  end  of  tlio  space  between 
two  parallels,  and  it  will  bisect  the  Ime,  and 
thus  reduce  the  triangle  to  an  equivalent 
rectangle,  as  at  A  in  the  figure.  When  an 
angle  occui'S  between  two  parallels,  as  at  B 
m  the  figure,  the  fraetional  part  may  be 
measured  by  any  of  the  preceding  methods. 

"  For,  calling  the  number  of  oliniiia  to  the  inch,  ==  a,  and  inoliing  the  ividlb  be 
tweenlheptu-niieU—  iuob,  ibia  iviclth  will  represent—  X  » -= -r-chaina  ;  and 
M  the  inch  leiigtli  repreaenta  b  chains, tlitir  proiiiid,  —  X  n  =  10  square  i;liaiQ« 
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A  somewhat  similaf  metliod  is  much  used  by  some  suireyora, 
particularly  in  Ireland ;  the  plat  being  made  on  a  scale  of  5  chains 
to  1  meh,  parallel  lines  being  drawn  oa  it,  half  an  inch  apart,  and 
the  distances  along  the  parallels  being  measured  by  a  scale,  each 
large  division  of  which  is  f^  inch  in  length.  Each  dividon  of  this 
scale  indicates  an  acre ;  for  it  represents  4  chEuna,  and  the  distance 
between  the  parallels  is  2^  chains.     This  scale  is  called  tlie  "  Scale 


(76)  Addilion  of  Widths.  When  the  lines  of  the  plat  ai-c  very 
irregularly  curved,  as  m  the  Fig.  40. 

figure,  draw  across  it  a  num- 
ber of  equi-distant  lines  aa  near 
together  as  the  case  may  seem 
to  require.  Tate  a  8ti"adgh1r 
edged  piece  of  paper,  and  apply  one  edge  of  it  to  the  middle  of 
the  first  space,  and  mark  its  length  from  one  end ;  apply  the  same 
edge  to  the  middle  of  the  next  space,  bi-inging  the  mark  just  made 
to  one  end,  and  making  another  mark  afc  the  end  of  the  additional 
length ;  so  go  on,  adding  flie  length  of  each  space  to  the  previous 
0E»s.  Wlien  all  have  been  thus  mea'^iu'ed,  the  total  length,  mul- 
tiplied by  the  uniform  width,  will  give  the  content. 

(77)  THIRD  METHOD.— IKSTRB.11ESTALLV.  By  perform- 
inff  certain  mstntmentul  oj^eratmis  on  the  plat. 

(T8)  Reduction  of  a  many  sided  ficpire  to  a  single  equivalent 
'.riangle.  Any  plane  figure  bounded  by  straight  lines  may  be 
reduced  to  a  smgle  triangle,  which  shall  have  tlie  same  content. 
This  can  be  done  by  any  instmment  for  drawing  parallel  lines, 
Euch  as  those  described  in  Art.  Fig.  4i. 

(39).  Let  the  trapezium,  or 
four  sided  figure,  shown  in  Fig. 
41,  be  required  to  be  reduced 
to  a  single  equivalent  triangle. 
Produce  one  side  of  the  figure, 

as  4 -1.     Draw  a  line  from     /  ''--..^  ^<:v- 

■the  first  to  the  third  angle  of 
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the  figure,  Prom  the  second  angle  draw  a  piarallel  ia  tlie  line  just 
drawn,  cutting  tlie  produced  side  in  a  point  1'.  Prom  the  poiat  1' 
draw  a  line  to  the  third  angle.  A  triangle  (1'  —  3  —  4  in  the 
figure)  will  thua  be  formed,  which  will  bo  ecciuvaleiit  to  the  ori^aJ 
trapezium." 

The  content  of  tliis  final  triangle  can  then  bo  found  by  n 
ing  its  perpendicular,  and  taMng  half  the  product  of  t 
cular  by  tlie  base,  as  in  the  first  paragraph  of  Art.  (65). 


(79)  Let  the  given  figure  have  five  sides,  as  in  Kg.  42.     For 
brevity,  the  angles  ^''&-  ^-■ 

of  the  figure  will  he 
named  as  numbered 
in  the  engraving. 
Produce  5—1. 
Johi  1  —  3.  From 
2  draw  a  parallel  to 
1  —  3,  cutting  the 
produced  base  m  1'.  Join  1'  —  4.  From  3  draw  a  parallel  to  it, 
cutting  the  base  in  2'.  Join  2'  —  4.  Then  will  the  triangle 
2'— 4 — 5  be  ec[uivalent  to  the  five  sided  figure  1 — 2 — -S — i- — 5, 
for  similar  reasons  to  those  of  the  preceding  case. 


(80)  Let  the  given  figure  be  1  —  2—3—4—5  —  6—7—8, 
as  shown  in  Kg.  43,  given  at  the  top  of  the  following  page.  All 
the  operations  are  shown  by  dotted  lines,  and  the  finally  resulting 
triangle  5' — 7—8,  is  equivalent  to  the  ori^nal  figure  of  eight 
sides. 

It  is  best,  in  choosing  the  side  to  be  produced,  to  take  one  which 
has  a  long  side  adjoining  it  on  the  end  not  produced ;  so  that  this 
long  side  may  form  one  side  of  the  final  triangle,  the  base  of  which 
will  therefore  be  shorter,  and  will  not  be  cut  so  acutely  by  the 
final  line  drawn,  as  to  make  the  point  of  intersection  too  indefinite. 


"  Fai',  the  triangle  1— ^ — 3  taken  away  from  the  original  fij 
to  the  Irian^tH  1' — 1 — 3  niJded  to  it ;  becatiae  both  these  triang 
baao  and  also  the  samo  allitudo,  aiiice  the  vertices  of  both  lie 
parallel  to  the  banc. 
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(81)  G-eneral  Rule.  "When  Uie  ^ven  figure  has  many  aid< 
with  angles  eometimos  salient  and  sometimes  re-entering,  the  opera- 
tions of  reduction  are  very  liable  to  errors,  if  the  draftsman  attempts 
to  reason  out  each  step.  All  difficnltieg,  however,  will  be  removeu 
by  the  following  General  Rule  : 

1.  Produce  one  side  of  the  figure,  ajid  call  it  a  base.  Call  one 
of  the  angles  at  the  base  the  first  angle,  and  number  the  rest  in 
regular  succession  around  the  figure. 

2.  Draw  a  Une  imm  the  1st  angle  to  the  3d  angle.  Draw  a 
parallel  to  it  from  the  2d  angle.  CaU  the  intersections  of  this 
parallel  with  the  base  the  1st  mark. 

3.  Draw  a  line  from  the  1st  mark  to  the  4th  angle.  Draw  a 
parallel  to  it  from  the  3d  angle.  Its  intersection  with  the  base  is 
the  2d  mark. 

4.  Draw  a  line  from  the  2d  mark  to  the  5th  angle.  Draw  a 
parallel  to  ':  frJm  the  4th  angle.  Its  intersection  with  the  base  is 
the  8d  mark. 

5.  In  general  terms,  which  apply  to  every  step  aftei  tht  fir^t, 
draw  a  line  from  the  last  mark  obtained  to  the  angle  whose  number 
is  greater  by  three  than  the  number  of  the  niark.  Draw  a  j  aiaHel 
to  it  through  tho  angle  whose  number  is  greater  by  two  than  that 
of  the  mark.  Its  intersection  with  the  base  will  be  a  mark  whose 
number  is  greater  by  one  than  that  of  the  preceding  mark  " 

In  die  concise  languaee  of  Algebra,  draw  a  line  from  liie  «lii  mai-li  In  Ills 
11+3  BUgle.  Draw  a  parallel  to  it  liiroiigU  the  n+2  ai.ftls.  and  the  iiiteiseftict! 
with  the  base  will  be  the  h  +  1  mark. 
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6.  E.6poat  tka  process  for  each  angle,  till  you  got  a  mark  ivhoae 
number  is  such  tliat  the  angle  having  a  number  greater  by  three  ia 
the  last  angle  of  the  figure,  i.  e.  the  angle  at  the  other  end  of  the 
base.  Then  join  the  last  mark  to  the  angle  which  precedes  the 
last  angle  in  the  figure,  and  the  triangle  thus  formed  lyiil  be  the 
equivalent  triangle  required. 

In  practice  it  is  tmnecessary  to  actually  draw  the  Imes  joiaing 
tlie  successive  angles  and  marks,  but  the  parallel  ruler  is  merely 
laid  oa  80  as  to  pass  through  them,  and  the  points  where  the 
parallels  cut  the  base  are  alone  n 


(82)  It  is  generally  more  convenient,  for  the  reasons  given  at 
the    end    of  Art.  (80),  to  rodace  T'S-  ^-t- 

half  of  the  figure  on  one  side  and 
half  on  the  other,  as  is  shown  in 
Fig.  44,  ■which  represents  the  same 
field  as  Fig.  42.  The  equivalent 
ti^anglo  is  here  1' — S  —  2'. 

When  the  figure  has  many  angles, 
they  should  not  be  numbered  con- 
eecutively  all  the  way  around,  but,  after  the  numbers  have  gone 
around  as  far  as  the  angle  where  it  is  intended  to  have  the  vertex 


of  die  final  ti-iangle,  the  numbers  should  bo  continued  from  the 
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otiiet  smgle  of  tlie  base,  as  ig  slioini  m  Fig.  45.     In  it  only  the 
intersections  are  marked  * 

(83)  It  ia  Boraetimea  more  convenient,  not  to  produce  one  of 
the  sides  of  the  figure,  but  to  draw  at  one  end  of  it,  as  at  the  poinl 
1  m  Fig.  46,  an  indefinite  line,  usually  a  perpendicular  to  a  lino 


joining  two  distant  angles  of  the  figure,  and  make  this  line  the  base 
of  the  equivalent  triangle  desired.  The  operation  is  shown  hy  the 
dotted  lines  in  tlie  figure.  The  same  General  Rule  applies  to  it, 
as  to  the  previous  figures. 

(8i)  Special  iHStnimeiits.  A  vaiiety  of  insti'umonts  have 
boeii  invented  for  the  purpose  of  determining  areas  rapidly  and 
con'ectly.  One  of  the  simplest  is  the  "OompuUnff  Scale,"  which 
is  on  tho  same  prmciples  as  the  Method  of  Art.  (75).  It  is  repre- 
sented ia  Fig,  47,  given  on  the  following  page.  It  consists  of  a 
scale  divided  for  its  whole  length  from  the  zero  point  into 
divisions,  each  representing  2^  chains  to  the  scale  of  the  plat. 
The  scale  carries  a  slider,  winch  moves  along  it,  and  has  a 
wire  dravm  across  its  centre  at  right  angles  to  the  edges  of  the 
scale.  On  each  side  of  this  wire,  a  portion  of  the  slider  eqna! 
in  length  to  one  of  the  piimary,  or  2  J  chain,  divisions  of  the  scale, 
is  laid  off  and  divided  into  40  equal  parts. 

This  instrument  is  used  in  connection  with  a  sheet  of  transpa- 
rent paper,  ruled  with  parallel  lines  at  distances  apart  each  equal 
to  one  chain  on  the  scale  of  the  plat.     It  is  plain,  that  when  the 

'  A  figure  with  curved  boundaries  may  be  reduced  to  a  liiangle  in  a  similar 
(uanuer.  Straight  lines  mtist  be  drawn  about  the  figure,  so  as  to  be  partly  iu  it 
and  partly  out,  giving  and  taking  about  equal  quantiliea,  so  ibat  the  fiaure  which 
these  lines  form,  shall  be  about  equivalent  to  the  curved  figure.  This  having 
been  done,  as  will  be  further  developed  in  Art.  (124),  the  equivalent  stcaigiit 
lineil  ligiire  is  reduced  by  the  above  nielliod. 
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.t  is  laid  on  tMs  paper,  wilih  ita  edgeoo  one  of  tha 
il  lines,  and  the  slider  is  moved  over  one  of  the  divi- 
Bions  of  2|  chains,  that  one  rood,  or  a  quarter  of  an  acre, 
has  beenmeasuredbetweentwooftbe  parallel  lines  on  the  ' 
paper  (since  10  square  chains  make  one  acre) ;  and  that 
one  of  the  smaller  divisions  measures  oiie  perch  between 
the  same  parallels.  Four  of  the  larger  divisions  ^ve 
one  acre.  The  scale  ia  generaiij  made  long  enough  to  i 
measure  at  once  five  acres. 

To  apply  this  to  fee  plat  of  a  ield,  or  fai'm,  lay  the  j 
transparent  paper  over  it  in  such  a  position  that  two  of  I 
the  ruled  lines  shall  touch  two  of  the  exterior  points  of 


the  boundaries,  as 

at  A  and  B.     Lay 

the  scale,  mtii  the 

elide  set  to  zero, 

on  tlie  paper,  in  a 

direction    parallel 

to  the  ruled  lines, 

and    so  that   the 

wire  of  the  slide 

cuts  the  left  hand 

oblique  line  so  as 

to  make  the  spaces  e  and  d  about  equal.     Hold  the 

scale  firm,  and  move  the  slider  till  the  wire  cuts  the 

right  hand  oblique  line  in  such  a  way  as  to  equalize  the 

spaces   e  and  /.     Without  chan^g  the  slide,  move 

the  scale  doivn  the  width  of  a  space,  and  to  the  left 

hand  end  of  the  next  apace  ;  begin  there  agsiiii,  and  procDed  as 

before. 

So  go  on,  till  the  whole  length  of  the  scale  is  run  out,  (five  acres 
having  been  measured),  and  then  he^  at  the  right  hand  side  and 
work  backwards  to  the  left,  reading  tlie  lower  divisions,  which  run 
up  to  10  acres.  By  condnuing  this  process,  the  content  of  plats 
of  any  size  can  be  obtained. 

A  still  simpler  substitute  for  this  is  a  scale  similarly  divided,  biit 
without  an  attached  slide.     In  place  of  it  there  is  used  a  piece  of 
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bora  having  a  line  drawn  across  it  and  rivetted  to  the  end  of  a 
short  scale  of  box-ivood,  divided  Ijlce  the  former  slide.  It  is  used 
like  the  former,  except  that  at  starting,  the  zero  of  the  short  scale 
and  not  the  line  on  the  horn  is  made  to  coincide  with  the  zero  of 
the  long  scale.  The  slide  is  to  be  held  fast  to  the  instrument  when 
this  is  moved. 

The  Pedometer  is  another  less  simple  instrument  used  for  the 
same  object.     It  measures  any  quadrilateral  directly. 

(85)  Some  very  complicated  instruments  for  the  same  object 
have  been  devised.  One  of  them,  Bang's  JPlanameter,  determines 
the  area  of  any  figure,  by  merely  moving  a  point  around  tlie  out- 
line of  the  surface.  This  causes  motion  in  a  train  of  wheel  work, 
which  re^stera  the  algebraic  sum  of  the  product  of  ordinatcs  to 
every  point  in  that  perimeter,  by  the  increment  of  their  abscissas, 
and  therefore  measures  the  included  space. 

Instruments  of  this  kind  havebeen  invented  in  Geimany  by 
Ernst.  Hansen,  and  Wetli. 

(86)  A  purely  mechanical  means  of  determining  the  urea  ot 
any  surface  by  means  of  ite  weight,  may  he  placed  here.  The  plat 
is  cut  out  of  paper  and  weighed  by  a  delicate  balance.  The 
weight  of  a  rectangular  piece  of  the  same  paper  containing  just  one 
acre  is  also  found;  and  the  "  Rule  of  Three"  gives  the  content. 
A  modification  of  this  is  to  paste  a  tracing  of  the  plat  on  thin  sheet 
lead,  cut  out  the  lead  to  the  proper  hnes  and  weigh  it, 

(81)  PorRTlMETHGO.— TEtGOSOSlETiRlCALLI.  B?j  cat- 
'.g,  from  the  observed  angles  of  the  boundaries  of  the  piece 
id,  the  lengths  of  the  lines  needed  for  calculating  the  content. 

This  method  is  employed  for  surveys  made  with  angular  instru- 
ments, aa  tho  compass,  &c.,  in  order  to  obtsun  the  content  of  the 
land  surveyed,  without  the  necessity  of  previously  making  a  plat, 
thus  avoiding  both  that  trouble  and  the  inaccuracy  of  any  calcula^ 
tions  founded  upon  it.  It  is  therefore  the  most  accurate  method; 
but  will  be  more  appropriately  explained  hi  Part  III,  Chapter  YI, 
under  the  head  of  '■  Compaag  Surveying." 
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PART  IL 

CHAIN-SURVEYING  ; 

By  tite  First  aiid  Second  Methods : 

OR 

DIAGONAL  AND  PERPENDICULAR  SURVEYING. 

(88)  The  cliain  alone  is  abundantly  sufSciont,  witliout  tlie  aid 
of  any  other  instramcEt,  for  making  an  accurate  snrrey  of  any 
surface,  whateTer  its  shape  or  size,  particuiarly  in  a  dista-ict  tolera- 
bly level  and  clear.  Moreover,  since  a  chain,  or  some  substitute 
for  it,  formed  of  a  rope,  of  leather  driving  rems,  &c.,  can  be 
obtained  by  any  one  in  the  moat  secluded  place,  this  method  of 
Surveying  deserves  more  attention  than  has  usually  been  given  to 
it  in  this  country.  It  -will,  therefore,  be  fully  developed  in  the 
following  chapters, 

CHAPTER   I. 

SHRVEVISe  BY  DIAtiOKlLS  : 

J5y  tJie  First  Metlwd. 

(89)  Surveying  by  Diagonals  is  an  application  of  tlie  Mrat 
Method  of  determining  the  position  of  a  point,  given  in  Art.  (5,)  to 
which  the  student  should  again  refer.  Each  comer  of  the  field  or 
farm  which  is  to  be  surveyed  is  "  determined"  by  measuring  lis 
distances  from  two  other  points.  The  field  is  then  "platted" 
by  repeating  this  process  on  paper,  for  each  comer,  in  a  contrary 
oi-der,  and  the  "content"  is  obtained  by  some  of  the  methoda 
explained  in  Chapter  IV  of  Part  I. 
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The  lines  which  are  measured  in  order  to  determine  the  cor- 
ners of  the  field  are  usually  eides  and  Uia'jonals  of  the  iiTegular 
polygon  which  is  to  he  surveyed,  They  thoiefore  divide  it  up 
into  triangles ;  whence  this  mode  of  suiTeying  is  sometimes  call- 
ed "  Chain  Triangulation." 

A  few  examples  will  make  the  principle  and  practice  perfectly 
ciear.  Each  will  be  seen  to  i-equire  the  three  operations  of  measv/r- 
infff  plattiny,  and  caleulating. 

(90)  A  three-sided  field  i  aa  Fig.  40.  ng.i'3.^ 

Meld-ipork.     Measure  the  three  sides,  -^"/^ 

AE,  BO,  and  CA.     Measure  also,  as  a  ^^  /  \  \ 

proof  line,  the  distance  from  one  of  the  cor-     ^     ft — jj ^E 

ners,  as  C,  to  some  point  in  the  opposite  side,  as  B,  at  which  a 
mark  should  have  been  left,  when  measuring  from  A  to  B,  at  a 
known  distance  from  A.  A  stick  or  twig,  with  a  slit  in  its  top,  to 
receive  a  piece  of  paper  with  the  distance  from  A  marked  on  it, 
is  tiie  most  convenient  mark. 

Platting.  Choose  a  suitable  scale  as  directed  in  Art.  (44). 
Then,  by  Arts.  (42)  and  (49),  draw  a  line  equal  in  length,  on  the 
chosen  scale,  to  one  of  the  sides ;  AB  for  example.  Take  in  the 
compasses  the  length  of  another  side  as  AC,  to  the  same  scale, 
and  mth  one  leg  in  A  as  a  centre,  describe  an  arc  of  a  circle. 
Take  the  length  of  the  tlilrd  side  BO,  and  with  B  as  a  centre, 
describe  another  arc,  intersecting  the  first  arc  in  a  point  which  will 
be  the  third  comer  C.  Draw  the  lines  AC  and  BC ;  and  ABO 
will  be  the  flat,  or  miiiature  copy  —  as  explained  in  Art.  (35) — 
of  the  field  surveyed. 

Instead  of  describing  two  arcs  to  get  the  point  C,  two  pairs  of 
compasses  may  be  conveniently  ust'd.  Open  them  to  the  lengths, 
respectively,  of  the  last  two  sides.  Put  one  foot  of  each  at  the 
ends  of  the  first  side,  and  bring  their  other  feet  together,  and  their 
pouit  of  meeting  will  mark  the  desired  third  pomt  of  the  triangle. 

To  "  prove  "  the  accuracy  of  the  work,  fix  the  point  D,  by  setting 
ftff  from  .A  the  proper  distance,  and  measure  the  length  of  ihe  line 
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Surveying  by  Diagonals. 


DC,  by  Art.  (43).     If  its  length  on  tbo  plat  correaponda  to  its 
measurement  on  the  ground,  the  work  is  correct.* 

Oalculation.  The  content  of  tlie  field  may  now  he  found  aa 
directed  ni  Art.  (65),  either  from  the  three  aides,  or  more  ea,sily 
though  not  so  accurately,  hy  measuring  on  the  plat,  by  Art.  (43), 
the  length  of  the  perpendicular  CE,  let  fall  from  any  angle  to  Qie 
oppoeita  side,  and  tating  half  the  product  of  these  two  lines. 

Example  1.  Figure  49,  is  the  plat,  on  a  scale  of  two  chaina 
to  one  inch,  of  a  field,  of  which  the  side  AB  is  200  finks,  BG  is 
100  finks,  and  AC  is  150  links.  Its  content  by  the  rule  of  Ari. 
(65),  is  0.728  of  a  square  chain,  or  OA.  OR.  12P.  If  the  perpen- 
dicular CE  be  accui-ately  measured,  it  will  be  found  to  be  72^ 
linlis.  Half  the  product  of  tliis  perpendicular  by  the  base  will  be 
found  to  ^ve  the  same  content. 

Hx.  2.  The  three  sides  of  a  triangular  field  aro  respectivelj 
89.39,  54.08,  and  45.98.    Required  its  content. 

Ans.     lOOA.  Oa.  lOP. 


(91)  A  foiir-sidcf!  field ; 
as  Fig.  50. 

Meld-work.  Measure  the 
four  mdes.  Measure  also 
a  diagonal,  as  AC,  thus  di- 
viding the  four-sided  field 
into  two  triangles.  Moa-  "^ 
sure  also  the  other  diagonal,  or  BD,  for  a  "  Proof  line." 

Platting.  Draw  a  line,  as  AC,  equal  in  length  to  the  diagonal, 
to  any  scale,  by  Arts.  (42)  and  (49).  On  each  side  of  it,  con- 
struct a  triangle  with  the  aides  of  the  field,  &b  directed  in  the  pre- 
ceding article. 

To  prove  the  accuracy  of  the  work,  measure  on  the  plat  the 
length  of  the  "  proof  line,"  BD,  by  Art.  (4S),  and  if  it  agrees 
with  the  length  of  tho  same  Ime  measured  on  the  gi-ound,  the  field 
work  and  platting  are  both  proved  to  be  correct. 

'  It  is  a  ULiiveraal  principle  in  bD  Bni'vejing  operafiona,  ttal  (ae  work  must  be 
tested  by  some  means  independent  of  the  oiigiofll  prooess,  and  that  tlie  same  I'p. 
suit  mast  be  arrivefl  at  by  two  different  metliods.  The  iieceaaaiy  length  of  ihil 
proof  line  CQii  nlso  eus I ly  be  calculated  by  tho  prhidplca  of  Triijunomcliv. 
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Calculation.  iFind  tte  content  of  each  tnangle  soparately,  aa 
in  the  precetling  case,  and  add  them  together ;  or,  more  briefly, 
multiply  either  diagonal  (the  longer  one  is  preferable)  by  the  smu 
of  the  two  perpendiculars,  and  divide  the  product  by  two. 

Otherwise :  reduce  the  four-sided  figure  to  one  tmngle  as  m 
Art.  (78)  ;  or,  use  any  of  the  methods  of  the  preceding  chapter. 

Hxample  3.  In  the  field  drawn  in  Fig.  50,  on  a  scale  of  3  chains 
tc  the  inch,  AB  =  588  links,  BC  =  210,  CD  =  430,  DA  =  274, 
the  diagonal  AC  =  626,  and  the  proof  diagonal  BD  =  500.  Tlie 
total  content  will  be  lA.  OR.  ITP. 

Ux.  4.  The. sides  of  a  four-aided  field  are  AB  =  12.41,  BC 
=  5.86,  CD  =  8.25,  DA  =4.24;  the  diagonal  ED  =  11.55, 
and  the  proof  line  AC  =  11.04.     Required  the  content. 

Am.  4A.  2R.  38P. 

Mx.  5.  The  sides  of  a  four-sided  field  are  as  follows  :  AB  = 
8.95,  BC  =  5.33,  CD  =  10.10,  DA  =  6.54  ;  the  diagonal  from 
A  to  C  is  11.52  ;  the  proof  diagonal  from  B  to  D  is  10.92.  Re- 
quired the  content.  Ans. 

Ex.  6.  In  a  four-sided  field,  AB  =  7.G8,  BC  =  4.09,  CD  = 
10.64,  DA  =  7.24.  AC  =10.32,  BD=- 10.74.  Required  the 
content.  Ans. 


(92)  A  many-sided  field,  as  Fig.  51. 
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Meld-Worh.  Measure  all  the  sides  of  the  field.  Measure 
also  diagonals  enough  to  divide  the  field  into  triangles  ;  of  which 
tliere  will  always  be  two  less  than  the  number  of  sides.  Chooao 
such  diagonals  as  will  divide  tho  field  into  triangles  as  nearly  equi- 
lateral as  possible.  Measure  also  one  or  more  diagonals  for 
"  Proof  lines."  It  is  well  for  the  surveyor  himself  to  place  atakea 
in  advance  at  all  the  comers  of  tfie  field,  as  he  can  then  select  the 
leiit  mode  of  division. 

Platting,  Be^n  mth  any  diagonal  and  plat  one  triangle,  as  in 
Art.  (^).  Plat  a  second  triangle  adjoining  the  first  one,  as  in 
Ai-t.  (91).  Plat  another  adjacent  triangle,  and  so  proceed,  till  all 
have  been  laid  down  in  their  proper  places.  Measiu-e  the  proof 
linos  as  in  the  last  article. 

Calculation,  Proceed  to  calculate  the  content  of  the  figure, 
precisely  as  directed  for  tiie  four-sided  field,  measuring  the  perjienr 
diculars  and  calculating  the  content  of  each  triangle  ui  turn ;  or 
taking  in  pairs  those  on  opposite  sides  of  the  same  diagonal ;  or 
using  some  of  the  other  methods  which  liave  been  explained. 

Hxample  1.  The  sis-sided  field,  shown  in  Yig,  51,  has  the 
lengths  of  its  lines,  in  chains  and  links,  written  iipon  them,  and  is 
divided  info  four  triangles,  by  three  diagonals.  The  diagonal 
EE  is  a  "  proof-line."  The  Kgure  is  drawn  to  a  scale  of  4  chtuna 
to  the  inch.     The  content  of  the  field  is  5A.  3E,.  22P. 

Ex.  8.  In  a  five-sided  field,  the  length  of  the  sides  are  as  fol- 
lows :  AE  =  2.69,  EC  =  1.22,  CD  =  2.32,  DE  =  3.55,  EA  = 
3.23.  The  diagonals  arc  AD  -=  4.81,  BD  =  3.33.  Required  its 
content,  An». 

(93)  A  field  may  be  divided  up  into  triangles,  not  only  by  mea- 
suring diagonals  as  in  the  last  figure,  but  by  any  of  the  methods 
shown  in  the  four  figures  of  Art.  (71).  The  one  which  we  have 
been  employing,  corresponds  to  the  last  of  those  figures. 

Still  another  mode  may  be  used  when  the  angles  cannot  be  seen 
from  one  anothe?",  or  from  any  one  point  ivithin.  Take  three  or 
more  convenient  points  within  the  field,  and  measure  from  them  tc 
the  corners,  and  thus  form  different  sets  of  triangles. 


Hosted  by 


Google 


&2  CBAIS  SPaVKnSG.  [pAiiT  K. 

KEEPING  THE  FIELD  NOTES. 
(9i)  B!y  Sketch.  The  most  simple  mctlwd  ia  to  make  a  sketch 
of  the  field,  as  nearly  eorreet  as  the  unassisted  hand  and  eye  can 
produce,  and  note  down  on  it  the  lengths  cf  all  the  lines,  as  in  Mg. 
51.  But  when  many  other  points  require  to  be  noted,  such  lui 
where  fences,  or  roads,  or  streams  are  crossed  in  the  measurement, 
or  any  other  additional  particulars,  the  sketch  would  become  con- 
fused, and  be  Hkely  to  lead  to  mistakes  in  the  suhsei^uenfc  platting 
S-ora  it.  The  following  ia  therefore  tlie  usual  method  of  keeping 
the  Keld-notes.     A  long  narrow  book  is  most  convenient  for  it. 

(93)  111  dolumnst  Draw  two  parallel  lines  about  an  incli  apart 
from  the  bottom  to  the  top  of  the  page  of  the 
field-book,  as  in  the  mar^n.  This  column,  or  pair 
of  lines,  may  be  conceived  to  represent  the  measured 
line,  split  in  two,  its  two  halves  being  then  separated, 
an  inch  apart,  merely  for  convenience,  so  that  the 
distances  measured  along  the  line,  may  be  written  be- 
tween these  halves. 

Hold  the  book  in  tlie  dii-cetion  of  the  measurement.  At  the 
bottom  of  the  page  write  down  the  name,  or  number,  or  letter, 
which  represents  the  stetion  at  which  the  survey  is  to  be^n. 


A  "station"  is  marked  with  a  trianglo  or  circle,  as 
a  tho  margin.     The  latter  is  more  easily  made. 


0 


In  the  comphcated  cases,  which  will  be  hereafter  explained,  and 
in  which  one  long  base  hue  is  measured,  and  also  many  other  sub- 
ordinate lines,  it  will  be  well,  as  a  help  to  the  memory,  to  mark 
tue  stations  on  tiie  Base  line  with  a  triangle,  and  the  stations  on 
the  other  lines  with  the  ordbary  circle. 

The  station  from  which  the  measure- 
ments are  made  is  usually  put  on  the  left 
of  the  column ;  and  tho  station  which  is 
measured  to,  is  put  on  the  right. 


I 
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But  it  is  more  compact,  and  avoids  intorfeiing 
with  tlie  notes  of  "  ofFsets"  (to  be  explained  here- 
after) to  write  the  name  or  number  of  the  station 
in  the  column,  as  in  the  margin. 

T}ie  niea&urcments  to  different  points  of  a  line  are 
written  above  ono  another.  The  numbers  all  refer 
to  the  beginmng  of  the  line,  and  are  counted  from  it. 

The  end  of  a  moa^ured  line  U  marked  by  a  line  I  | 

drai\n  across  the  page  above  the  numberd  ivhich  1  . 

indicate  the  measurements  which  have  been  made.  ;,  ] 

If  the  chaining  does  not  continue  along  the  j  i 

adjoining  line,  hut  the  chain-men  go  to  some  __>  ..l.-. 

other  part  of  the  field  to  begin  another  mea-  I  [ 

fiiu'ement,  two  lines  are  dra^Ti  across  the  page.  '  I 

"When  a  line  has  been  measured,  the  marks    — '—- |i— 

r  or  n  are  made  to  show  ivhether  the   follow-     -. 

lomQg  line  turn:5  to  the  right  or  to  the  left.  — i  i 

A  line  {■*  named,  either  by  the  names  of  tlie  stations  between 
which  it  is  measured,  as  the  liae  AB ;  or  hy  its  length,  a  line 
562  hnks  long,  being  taUed  the  Ihie  502 ;  or  it  is  recorded  as  Line 
No.  1.  Line  No.  2,  &c;  or  as  Line  on  i>age  1,  2,  &c.,  of  the 
Field-book. 

When  a  mark  is  left  at  any  pomt  of  a  line, 
as  at  D,  in  Fig.  49,  with  the  intention  of  com- 
ing hack  to  it  again,  in  order  to  mea.«ure  to 
some  other  point,  the  place  marked  is  called  a 
False  Station^  and  is  marked  in  the  Field-book 
F.  S. ;  or  has  a  line  drawn  around  it,  to  distin- 
guish it ;  or  has  a  station  mark  A  placed  outside 
of  the  column,  to  the  light  or  left,  according  to 
the  direction  in  which  the  measurement  from  it  ii 
to  be  made.  Examples  of  these  tliree  modes  are 
given  in  tl^o  mar^n. 
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A  I"alse  Station  is  named  by  its  position  on  t}ie  line  where  it 
belongs;  as  thus — "  200  on  562." 

When  a  gate  occurs  in  a  mea^urerl  line,  the  distance  from  tho 
beginning,  of  the  luio  to  the  side  of  the  gate  first  reached,  is  the 
one  noted. 

When  the  meaanred  lino  crosses  a  fence,  hruuk, 
road,  &c.,  they  are  drawn  on  the  field-notes  in 
tJieir  true  direction,  as  nearly  as  possible,  but 
not  in  a  eontinuona  line  aoross  the  column,  as  in 
the  first  figure  m  the  margin,  but  as  in  the  se- 
cond figure,  80  that  the  two  parts  would  furm  a 
continuotia  straight  line,  if  the  halvi^  of  the 
"  split  line"  were  bi-onght  together. 

It  is  convenient  to  name  the  line?,  in  the  in.ugii 
Diagonals,  Proof  lines,  &c. 


IS  being  Sides, 


(98)  The  Field-notes  of  the  triangular  field  platted  in  Fig.  49, 
ai'e  given  below,  according  to  both  the  methods  mentioned  in  ilio 
preceding  Article,  pages  62  and  63. 

In  the  Field-notes  in  the  column  on  the  right  hand,  it  is  not  absj' 
lately  necessary  to  repeat  the  B  and  C. 
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(97)  The  Pieliil-notes  of  the  survey  platted  in  Fig.  51,  are  given 
below-    Thej  be^i  at  the  bottom  of  the  left  hand  colmim. 
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CHAPTER  11 

<,9S)  Swrveying  hy  Tie-lines  is  a  modification  of  the  method 
esulained  in  the  last  chapter.  It  frequently  happens  that  it  is  iiii* 
posaibU  to  measure  the  diagonals  of  a  field  of  many  sides,  in  conse- 
quence of  obstacles  to  measurements,  such  as  woods,  -water,  houses, 
&c.  In  such  cases,  "!Pie-Unes,"  (so  called  because  they  tie  tho 
Bides  together),  are  employed  as  substitutes  for  diagonals. 

Thus,  in  the  four-sided  field  shown  in  the  Figure,  the  diagonals 
cannot  be  measured  becaise  of  woods  inter-  pig.  5^. 

vening.     As  a  substitute,  measure  off  from 
any  convenient  corner  of  the  field,  as  I 
distences,  BE,  BF,  along  the  sides  of  the 
field.     Measure    also    the    "tie-line"   EF. 
Measure  all  the  sides  of  the  field  as  usual.        -^  y     j* 

To  plat  this  field,  construct  the  ti^angle  BEF,  as  in  Art.  (90). 
Produce  the  aides  BE  and  BF,  till  they  become  respectively  equal 
to  EA  and  PC,  as  measured  on  the  ground.  Then  with  A  and  0 
as  centres,  and  with  radii  respectively  equal  to  AD  an3  CD, 
describe  arcs,  whose  intersection  will  be  D,  the  remaining  corner 
of  the  field. 

(99)  It  tlius  appears  that  one  tie-lias  is  sufficient  to  determme  a 
foiir-sided  field ;  two,  a  five-sided  field,  and  so  on.  But,  as  a 
check  on  errors,  it  is  better  to  measure  a  tie-line  for  eaeh  angle, 
and  the  agreement,  in  the  plat,  of  all  the  measurementa  will  prove 
the  a<;curacy  of  the  whole  work. 

Since  any  inaccuracy  in  the  length  of  a  tie-line  is  increased  in 
pr.>portion  to  the  greater  length  of  the  sides  which  it  fixes,  the  tie- 
lines  should  be  measured  as  far  from  the  pomt  of  meeting  of  these 
ades  as  possible,  that  is,  they  should  bo  as  long  as  possible. 

The  radical  defect  of  the  system  is  that  it  is  "  working  from  less 
to  greater,"  (which  is  the  exact  converse  of  the  true  principle), 
thus  magnifying  inaccuracies  at  e^-'ery  step. 
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A  tte-line  may  also  be 
of  a  diagonal,  and  tested  in  the 


as  a  "proof  line," 
le  manner. 


1  {he  place 


If  any  angle  of  the  field  ia  re-entering,  aa  at 
B  in  the  figure,  measure  a  tie-line  across  the 
(ftlient  angle  ABC. 


(100)  Chain  ABg;lcs.  It  js  convenient,  though  not  necessary, 
to  measure  equal  distances  along  the  ades  ;  BE,  BF,  in  Fig.  52, 
and  BA,  EC,  in  Fig.  5!5,     "  Chain  Angles"  arc  thus  foi-med.* 

(lOi)  lDaC€CSSib!e  Areas.  The  metliod  of  tie-lines  can  be 
applied  to  measuring  fields  which  cannot  he  entered. 

Thus,  in  the  Figure,  AECD  is  an  inac-  Fig.  54. 

cessible  wooded  field,  of  four  sides.    To      b  C 

survey  it,  measure  aU  the  sides,  and  at 
any  comer,  as  D,  measure  any  distance 
DE,  m  the  line  of  AD  produced.  Mear 
sure  also  another  distance  DF  in  the  fine 
of  CD  produced.  Measure  the  tie-line  EF,  and  the  figure  can  be 
platted  aa  in  the  case  of  tfce  field  of  Fig,  52,  the  sides  of  the  trian- 
gle bemg  produced  in  the  contrary  direction. 

The  same  end  would  be  atttuned  by  prolonging  only  one  side,  aa 
shown  at  the  angle  A  of  the  same  figure,  and  measuring  AG-,  AH, 
and  GH.  It  ia  better  in  both  cases  to  tie  cdl  the  angles  in  a 
similar  mamier. 

This  method  may  be  applied  to  a  figure  of  any  number  of  sides 
by  prolonging  as  many  of  them  as  are  necessary ;  all  of  them,  if 


length  of  this  distance.  The  quotient  will  be  the  chovd  of  the  angle  lo  a  radiu* 
of  one.  In  the  Tiblk  o?  OHORi>a,.at  the  end  of  this  volume,  find  this  quntient 
end  Iha  number  of  degrees  and  inionlBS  corresponding  to  it  gives  the  angle  re 
quired.  Otherwise!  since  the  chord  of  any  angle  equals  twice  the  sine  of  half 
the  angle,  we  have  this  rule  :  Divide  half  die  tie-line  by  the  raeaSHred  distance 
Hiid  in  a  tsWs  of  natural  sines  the  angle  corresponding  lo  tlie  quotieul,  mill  mul 
liply  this  angle  by  two,  to  get  the  angle  desired. 
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(102)  If  the  sides  CD  and  AD  were  prolonged  by  their  fuli 
length,  the  content  of  the  figure  could  be  calculated  without  any 
plat ;  for  the  new  triangle  DEF  would  equal  tiio  triangle  DAC ; 
and  the  sides  of  the  triangle  ACB  would  then  be  known. 

This  principle  may  be  extended  still  farther. 
I'or  a  five-sided  field,  as  in  Fig.  55,  produce 
two  pairs  of  sides,  a  distance  equal  to  their 
length,  formmg  two  new  triangles,  as  shown  by 
the  dotted  luies,  and  measure  the  sides  B'D', 
and  A'D".  The  three  sides  of  each  of  these 
triangles  will  thus  bo  known,  and  also  the  three 
sides  of  the  triangle  BAD,  since  AD  =  A'D", 
andED-=B'D'. 

The  method  of  this  article  may  bo  employed 
for  a  figure  of  six  sides  as  shown  in  Fig.  56, 
(in  which  the  dotted  Imes  within  the  wooded 
field  have  their  lengths  determined  by  the  tri- 
angles formed  outside  of  it,)  but  not  for  figures 
of  a  great«r  number  of  sides. 


CHAPTER  III. 


SITRTEVIXG  Br  FERFEiMUCtlLARS : 

on 
By  the  Second  Metliod. 
(103)  'Ihe  method  of  Surveying  hy  Perpendiculars  U  founded 
ua  the  Second  Method  of  determining  the  position  of  a  pomt, 
explained  m  Art,  (6).  It  is  applied  in  two  ways,  either  to 
making  a  complete  Survey  by  "Diagonals  and  Perpendiculars" 
or  to  measuring  a  crooked  boundary  by  "  Off-seti."  Each  will  be 
considered  in  turn. 
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The  best  methods  of  getting  perpendiculars  on  the  ground  muat, 
however,  bo  first  explained. 

TO  SET  OUT  PERPENDICULARS. 

(101)  Surveyor's  Cr»ss.  The  simpleafc  instrument  ^'ig-  ^7. 
for  this  purpose  is  the  Surveyor'' a  Cross,  or  Cross-Staff,  ■'  \ 
shown  in  the  figure.     It  consists  of  a  hlock  of  wood,  of  \  J 

any  shape,  having  in  it  two  saw-cuts,  made  very  precise 
ly  at  right  angles  to  each  other,  about  half  an  inch  deep, 
and  with  centre-bit  holes  made  at  the  bottom  of  the  cuts 
to  assist  in  finding  the  objects.  This  block  is  fixed  on  a 
pointed  staff,  on  which  it  can  turn  freely,  and  which 
should  be  precisely  8  links  (63J  bchea)  long,  for  the 
convenience  of  short  measurements. 

To  use  the  Cross-staff  to  erect  a  perpendicular,  set  it 
at  the  pomt  of  the  line  at  which  a  perpendicular  is  want- 
ed. Turn  its  head  till,  on  looldng  through  one  saw-eut, 
you  see  the  ends  of  the  line.  Then  will  the  other  saw- 
cut  point  out  the  direction  of  the  perpendicular,  and  thus 
guide  the  measurement  desired. 

To  find  where  a  perpendicular  to  the  line,  from  some  object,  aa 
a  comer  of  a  field,  a  tree,  &c.,  would  meet  the  line,  set  up  the 
cross-staff  at  a  point  of  the  line  which  seems  to  the  eye  to  be  about 
the  spot.  Note  about  how  far  from  the  object  the  perpendicular 
at  this  pomt  strikes,  and  move  the  cross-staff  that  distance ;  and 
repeat  the  operation  till  the  correct  spot  is  found. 

(105)  To  test  the  accuracy  of  tlie  in-  f"s-  58-  up  -^ 

strument,  sight  through  one  sHt  to  some  \  \  \ 

point  A,  and  place  a  stake  B  in  the  line  \\\ 

of  sight  of  the  other  slit.     Then  turn  its    a H?\4 

head  a  quarter  of  the  way  around,  so  t^ 

that  the  second  sHt  looked  through,  points  to  A.  Then  see  if  the 
other  slit  covers  I!  again,  as  it  will  if  correct.  If  it  does  not  do 
60,  but  sights  to  some  other  point,  aa  E',  the  apparent  error  is 
double  the  real  one,  for  it  now  points  as  far  to  the  right  of  the  trira 
point,  C  as  it  did  before  to  its  left. 
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This  ia  the  first  example  we  have  had  of  the  invaluable  prm- 
cjple  of  Jteversion,  irhich  is  used  in  almost  every  teat  of  the  accu- 
racj  of  Surveying  oM  Astronomical  instruments,  its  peeuhar  merit 
bemg  that  it  doubles  the  real  error,  and  thus  makes  it  twice  as  easy 
to  perceive  and  correct  it. 

(|}[6)  Tlie  instrument,  in  its  most  finished  form,  is  made  of  a 
hollow  brass  cylinder,  which  has  two  pairs  of  shts  ezaetiy  opposite 
to  each  other,  one  of  each  pair  being  narrow  and  the  other  wide, 
with  a  horse-hair  stretched  from  the  top  to  the  bottom  of  the  latter. 
It  is  also,  sometimes,  made  with  eight  faces,  and  two  more  pairs 
of  slits  added,  ao  as  tq  set  offhalf  a  right  an;i,!e.  j,-,,,  jo_ 


Anotlier  form  is  a  hollow  brass  sphere,  as  in  the 
figure.     This  enables  the  surveyor  to  set  off  perpen- 
3  on  very  steep  slopes. 


Another  form  of  the  surveyor's  cross  consists  of  two  pairs   ^^'e'' "" 
of  plain  "  Sights,"  each  shaped  as  in  the  figirre,  placed  at      .  I 
the  ends  of  two  bars  at  right  angles  ixi  each  other.     The       I  I 
slit,  and  the  opening  with  a  hair  stretched  from  its  top  to     jnl 
its  bottom,  are  respectively  at  the  top  of  one  sight  and  at     I  | 
the  bottom  of  the  opposite  sight.*     This  is  used  in  the  same     _J5P' 
manner  as  the  preceding  form,  but  is  less  portable  and  more  liable 
to  get  out  of  order. 

A  temporary  substitute  for  those  instruments  may  be 
made  by  sticldng  four  pins  into  the  comers  of  a  square 
piece  of  board ;  and  sighting  across  them,  in  the  dh-ec- 
tion  of  tbo  line  and  at  right  angles  to  it. 


(JOT)  ©sstiical  Square.  The  most  convenient  and  accurate  in- 
strument is,  hoivever,  the  Optical  Square.  The  figures  give  a  per- 
spective view  of  it,  and  also  a  plan  with  the  lid  removed.  It  is  a 
BmaJl  circular  box,  contaimng  a  atrip  of  looHng-glass,  from  the 
appei  iialf  of  which  the  silvering  is  removed.     This  glass  is  placed 
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BO  as  to  maLe  prei,isely  h^lf  a  liglit 
in^e  with  the  hne  of  sight,  ■v(hn,h 
p^s  63  throujjh  1  slit  on  one  side 
of  the  bo\,  and  %  veitieal  hiii 
stretcheil  across  the  opening  on  the 
othei  side,  oi  a  maik  un  tho  ^h'la 
The  ho\  IS  held  m  the  hand  oi  er 
tlie  spot  whcie  the  peipendicular  i^ 
desired,  (i  plumb  line  in  the  hand 
will  gne  perfect  aficuracy)  and 
the  ohser\  er  applies  hia  eye  to  the 
slit  A,  looking  through  the  upper 
or  unsilvered  part  of  the  glass,  and 
turns  the  box  till  he  soes  tho  other 
end  of  the  hne  B,  through  the  open- 
mg  C.  The  assistant,  with  a  rod, 
moves  along  in  the  direction  where  the  perpendi;«lar  is  desired, 
being  seen  in  the  silvered  parts  of  the  glass,  by  reflection  through 
the  opening  D,  till  his  rod,  at  E,  is  seen  to  coincide  with,  or  to  he 
exactly  under,  the  object  E.  Then  is  the  line  DE  at  right  angles 
to  the  line  AB,  by  the  "ptical  principle  of  the  equality  of  the  an- 
gles of  incidence  and  reflection. 

To  find  where  a  perpendieidar  from  a  distant  object  would  strike 
the  line,  walk  along  the  line,  with  the  instrument  to  the  eye,  till 
the  image  of  the  object  is  seen,  in  the  silvered  part  of  the  glass,  to 
coincide  with  the  direction  of  tho  line  seen  through  the  unsilvereS 
part. 

The  instrmiient  may  be  tested  by  sighting  along  the  perpendieu 
lar,  and  fixing  a  point  in  the  original  line ;  on  the  principle  o! 
"Reversion." 

The  surveyor  can  make  it  for  himself,  fastening  the  glass  m  the 
box  hy  four  angular  pieces  of  cork,  and  adjusting  it  by  cuttbg 
away  the  cork  on  one  side,  and  introducing  wedges  on  the  other 
side.    The  bos  should  be  blackened  inside. 

Another  form  of  the  optical  square  contains  two  glasses,  fixed  ai 
an  angle  of  45°,  and  givmg  a  right  angle  on  the  principle  of  the 
Sextant. 
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<1®8)  thasn  PerpendkiilarSi  Perpendiculars  may  be  set  out 
with  the  ehaia  alone,  by  a  variety  of  methods.  These  methoda 
generally  consist  in  performing  on  the  ground,  the  operations  exe- 
cuted on  paper  in  practical  geometry,  the  chain  bemg  used,  in  the 
j  lace  of  the  compasses,  to  describe  the  necessary  arcs. 

As  these  operations,  howerer,  are  less  often  used  for  the  method 
of  surveying  now  to  be  explained,  than  for  overcoming  obstacles  to 
measurement,  it  will  be  more  convenient  b  consider  them  in  that 
connection,  in  Chapter  V. 

DIAGONALS  AND  PERPENDICULARS. 
(1(19)  In  Chapter  I,  of  this  Part,  we  have  seen  that  plats  of  sur- 
veys made  with  the  chain  alone,  have  their  contents  most  easily 
determined  by  measuring,  on  the  plat,  the  perpendiculars  of  each 
of  the  triangles,  into  which  the  diagonals  measured  on  the  ground 
have  divided  the  field.  In  the  Method  of  Surveying  by  Diagonals 
and  Perpendiculars,  now  to  be  explained,  the  perpendiculars  are 
measured  on  the  ground.  The  content  of  the  field  can,  therefore, 
be  found  at  once,  (by  adding  together  the  half  products  cf  each 
perpendicular  by  the  diagonal  on  which  it  is  let  fall,)  without  the 
necessity  of  previously  maMng  a  plat,  or  of  measuiung  the  sides  of 
the  field.  This  is,  therefore,  the  most  rapid  and  easy  method  cf 
surveying  when  the  content  alone  is  required,  and  is  particularly 
applicable  to  the  measurement  of  the  ground  occupied  by  crops, 
for  the  purpose  of  determining  the  number  of  bushels  grown  to  the 
sere,  the  amount  to  be  paid  for  mowing  by  the  acre,  &a. 

(ilO)  A  thrce-sMcd  field.    Measure  the  !■ 's- oii 

longest  side,  as  AB,  and  the  perpendicular,    "*j"^-v,,,^ 
CD,  let  fall  on  it  from  the  opposite  angle  C.       J  \ ^~'n? 
Then  the  content  is  equal  to  half  the  product       j     \  /     ^\_^^ 
ftl        1   lyth   perpendicular.     If  obsta-   '^'    c"  B 

1     p         t  th     find  the  point,  where  a  perpendicular  let  fall  from 
1     a  A  t   the  opposite  side  produced,  as  EG,  would  meet 
t         t  E      tl     figure.     Then  half  the  product  of  AE  by  CB  ia 
th         te  t   f  h    triangle. 
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Oil)  A  fom-sidcfi  field, 

Measure  the  diagonal  AG.  Leave 
marks  at  the  points  on  this  diago- 
nal at  which  perpendieulai-s  from  B  j^. 
and  fi-ora  D  would  meet  it ;  find- 
ing these  points  fay  trial,  as  previ- 
ously directed  in  Arts,  (104)  and 
(107).  The  best  marks  at  these 
"False  Stations,"  have  been  described  in  Art.  (90).  Return  to 
these  false  stations  and  measure  the  perpendiculars.  '\Yhen  these 
perpendiculars  are  measured  before  finishing  the  measurement  of 
the  diagonal,  great  care  is  necessary  to  avoid  making  mistakes  in 
the  length  of  the  diagonal,  when  the  chammen  return  to  continue 
its  measurement.  One  check  is  to  leave  at  the  mark  as  many  pina 
as  have  been  taken  up  by  the  hind-^jhainman  in  coming  to  tKat 
[joint  from  the  beginning  of  the  line. 

Example  9.     Required  the  content  of  the  field  of  JFig.  64. 

Ans.   OA.  2R.  29P. 
The  field  may  he  platted  from  these  measurements,  if  desired, 
but  with  more  liability  to  inaccuracy  than  in  the  first  method,  in 
which  the  sides  are  measured.     The  plat  of  the  figure  is  3  chains 
to  1  mch. 

The  field-notes  may  be  taken  by  writing  the  measurements  on  a 
sketch,  as  in  the  figure ;  or  in  more  comphcated  cases,  by  the 
column  method,  as  below.  A  new  symbol  may  be  employed,  this 
mark,  1-,  or  H,  to  show  the  False  Station,  from  which  a  perpen- 
dicular is  to  be  measured. 

Example  10.     Calculation. 

sq.  Iks. 
ABC=  J  X  480  X  110  =26400 
AI)C=  ^  X  480  X  175  =  42000 
sj.  chains  6.8400 
Acres  0.684 
It  is  still  easier  to  take  the  two 
ti-iangles  together ;     multiplying 
the  diagonal  by  the  sum  of  the  per- 
pendiculars and  dividing  by  two. 


g                               110 
« -From  200  ow  480  F.S. 

r 

1*0111 280  «»  480  F.S. 

toD 

480 
i                              280 
1                         H  200 

to  C 
1- 
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(1I2>  A  jnaay-sided  field.  Fig.  65,  aod  the  accompanjing 
field-notes  represent  the  field  "wliicli  -was  surveyed  by  the  Firai 
Method  and  platted  in  Fig.  51. 


From  5.07 

»7.S7 

1.54 
F.  S. 

to  t: 

From  1  60 

on  7.75 

2.53 

r.  s. 

to  J) 

From.  5.45 

on  11.42 

F.  S. 

to  ill 

From  4.95 

ow  11.42 

to  B 

/■rc-m  J 

7.87 
5.07 
© 

to  A 

r 

H 
From  C 

7.76 
1.60 
© 

to  a 

r 

JVoM  A 

11.42 
5.45 
4.95 
O 

to  V 

Example  11.  Oalatilatioji. 
The  content  of  the  triangles  may 
be  expressed  thns : 

sq.  Iks. 
ABO  =  ^x  1142x267  =152457 
A15C  =  ^xll42x493=:28150g 
ODE  =  -ix  775x253=  98037 
AEF  =  Ix   737x154=  56749 


sq. 


chat 


Acres  5.88746 
or,  5A.  3R.  22P. 
The  first  two  triangles  ciighl 
have  been  talten  together,  aa  in 
the  previous  field. 

Content  calculated  from  tht 
perpendiculars  will  generally  va- 
ry slightly  from  that  obtained  bj 
measuring  on  the  plat. 
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OlTsets. 


(113)  A  small  field  which  has  many  sides,  may  sometiraea  be 
eonveniently  surveyed  by  taking  one  diagonal  aad  measiiring  the 
jierpendicnlars  let  fall  on  it  from  each  aagle  of  the  field,  and  thus 
dividing  the  whole  area  into  triangles  and  trapezoids  ;  as  in  Fig.  86, 
page  48. 

The  line  on  which  the  perpendiculars  ai'e  to  be  let  fall,  may  also 
be  outside  of  the  field,  as  in  Fig.  37,  page  48. 

Such  a  survey  ca»  be  pktted  very  readily,  but  the  length  of  the 
perpendiculars  renders  the  plat  less  accarate. 

This  procedure  supplies  a  transition  to  the  method  of  "  Ofisets," 
which  is  explained  in  the  next  article. 

OFFSETS. 

(114)  Ofeets  are  sliort  perpendiculars,  measured  from  a  straight 
line,  to  the  angles  of  a  crooked  oraigaag  line,  near  which  the  straight 
line  runs.  Thus,  in  the  figure,  ^  Fig.  gg. 
let  ACDB  be  a  crooked  fenoe, 
bounding  one  side  of  afield.  Chain  a-^^ 
along  the  straight  line  AB,  which  runs  from  ono  end  of  fte  fence 
to  the  other,  and,  when  opposite  each  corner,  note  the  distonce 
from  the  beginning,  or  the  point  A,  and  also  measure  and  note  the 
perpendicular  distance  of  each  corner  0  and  D  from  the  line. 
These  comora  will  then  be  "  detennined ''  by  the  Second  Method, 
Art.  (6). 

The  Field-notes,  corresponding  to  Fig. 
66,  are  as  in  the  margin.  The  measure- 
ments along  the  Ihie  are  ivritten  in  the 
column,  as  before,  counting  from  the  be- 
^nning  of  the  line,  and  the  offsets  are 
written  beside  it,  on  the  right  or  left,  oppo- 
site the  distance  at  which  they  are  taken. 
A  sketch  of  the  crooked  line  is  also  usually 
made  in  the  Field-notes,  though  not  abso- 
lately  necessary  in  so  simple  a  case  as 
this.  The  letters  C  and  D  would  not  be  used  in  practice,  but  are 
here  inserted  to  show  the  connection  between  the  Field-notes  and 
the  plat. 


toB. 
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In  taking  the  Field-Notes,  the  widths  of  the  offsets  should  no* 
be  drawn  proportionally  to  the  distances  hetween  them,  hut  the 
breadths  should  bo  greatly  exaggerated  in  proportion  to  the  lengths. 

(115)  A  more  extended  example,  with  a  little  different  notation, 
13  ^?en  below.  In  the  figure,  which  is  on  a  scale  of  8  chains  to 
one  incK  for  the  distances  along  tho  line,  the  breadths  of  the  ofiseta 
are  exaggerated  to  four  times  their  true  proportional  dimensions. 


B 

1500 

« 

1250 

2(1 

11 

1000 

(1 

3(1 

750 

S(l 

600 

40 

250 

0 

A 

(116)  'Ihe  plat  and  Field-notes  of  the  position  of  two  houses, 
detenmned  by  oflsets,  are  given  below  on  a  scale  of  2  chains  to  1 
inch. 


250 

to   B 

^rn  80    185 
'^20    160 

1      90 
50 

From  A.l     O 

lorn*. 
ioU  = 

30 

(117)  Double  offsets  arc  sometimes  convenient;  and  sometimes 
triple  and  quadruple  ones.  Beiow  aro  gifen  the  notes  and  the 
plat,  1  chain  to  1  inch,  of  a  road  of  varying  -width,  both  sides  of 
which  aro  determined  by  double  offsets.  It  will  bo  seen  that  the 
Une  AB  crosses  one  side  of  the  road  at  160  links  from  A,  and  the 
other  side  of  it  at  220. 
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Two  methods  of  kocpmg  the  Field-notes  are  ^ven.  Ie  the  first 
foiTQ,  the  offsets  to  each  side  of  the  road  are  gjven  separately  and 
comieeted  bj  the  sign  +.  In  the  second  form,  the  total  distance 
of  the  second  of&et  is  given,  and  the  two  measurements  connected 
by  the  word  "fo."     Thia  ia  easier  both  for  measuring  and  platting. 


.  B 

B 

260 

30+60 

260 

30  to  80 

240 

10+70 

240 

10  to  80 

0 

220 

50 

0 

220 

60 

20 

200 

30 

20 

200 

30 

40 

180 

10 

40 

180 

10 

45 

160 

0 

45 

160 

0 

50+  0 

140 

50  fo   0 

140 

65+  6 

120 

60  to   6 

120 

60  +  20 

100 

70  to  20 

100 

45+15 

80 

60  to  15 

80 

60+10 

60 

60  !o  10 

60 

60  +  20 

40 

70  to  20 

40 

65+20 

20 

75  to  20 

20 

60+  0 

A 

60  to   0 

A 

(US)  These  offsets  may  generally  bo  taken  with  sufficient  accura- 
cy by  measuring  them  as  nearly  at  right  angles  to  the  base  lino  as  the 
eye  can  estimate.  The  surveyor  should  stand  by  the  chain,  facmg 
the  fence,  at  the  place  which  he  thinks  opposite  to  the  comer  to 
which  he  -fishes  to  take  an  offset,  and  measure  "  squaio"  to  it  by 
the  eye,  which  a  little  practice  will  enable  him  to  do  with  amch 
correctness. 
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The  offsets  may  be  meaeured,  if  short,  with  a 
light  stick,  10  or  16  links  in  length,  and  divided  accordingly ;  oc 
if  they  are  long,  with  a  tape.  They  are  generally  TduI;  a  few  links 
in  length.  A  chain's  length  should  be  the  extreme  limit,  as  laid 
down  by  the  English  "  Tithe  Gomnu^oners,"  and  that  shonld  be 
employed  only  in  exceptional  cases.  When  the  *'  Cross-staff"  is 
in  use,  its  divided  length  of  8  links,  renders  the  offset-staff  need- 
less. 

When  effects  are  to  be  taken,  the  method  of  chaining  to  the 
end  of  a  line,  described  in  Art.  (23),  page  21,  is  somewhat  modi- 
fied. After  the  leader  arrives  at  the  end  of  the  lino,  he  should 
draw  on  the  chain  till  the  follower,  with  the  back  end  of  the  chain, 
reaches  the  last  pin  set.  This  facilitates  the  counting  of  the  linlcs 
to  the  places  at  which  the  off'sets  are  taken. 

The  oSscta  are  to  he  taken  to  every  angle  of  the  fence  or  other 
crooked  line ;  that  ia,  to  every  jioiiit  where  it  changes  its  direc- 
tion. These  angles  or  prominent  bends  can  he  best  found  by  one 
of  the  party  walkmg  along  the  ci-ooked  fence  and  directing  another 
at  the  chain  what  points  to  measure  opposite  to.  If  the  line  which 
is  to  be  thus  determined  is  curved,  the  offsets  should  be  taken  to 
points  so  near  each  other,  that  the  portions  of  the  curved  line  lying 
between  them  may,  without  much  error,  he  regarded  as  straight- 
It  will  be  most  convenient,  for  the  subsequent  calculations,  to  take 
the  offiets  at  equal  distances  apai't  along  the  straight  line  from 
which  they  are  measured. 

In  the  case  of  a  crooked  hrook,  such  as  is  shown  in  the  figure 
^ven  below,  offsets  should  be  taken  to  the  moat  prominent  angles, 
Buch  as  are  marked  d  «  a  in  the  figure,  and  the  mtermediate  bends 
may  be  merely  sketched  by  eye. 


When  oSseta  from  lines  measured  around  a  field  are  taken  msida 
of  these  bo\mding  lines,  they  are  sometimes  distinguished  as  Insets 
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(119)  Platiillg.  The  most  rapid  method  of  platting  the  offsets, 
is  by  tho  Tiso  of  a  Platting  Scale  (described  in  Art.  49)  and  an 
Offset  Soale,  which  is  a  short  scale  divided  on  its  edges  like  a 
platting  scale,  hut  having  its  zero  in  the  middle,  as  in  the  figure. 


The  platting  scale  is  placed  parallel  to  the  line,  ivith  its  zero 
point  opposite  to  the  bediming  of  the  line.  The  offset  scale  ia 
slid  along  the  platting  scale,  till  its  edge  comes  to  a  distance  on 
the  latter  at  which  an  o^et  had  been  taken,  the  length  of  which  is 
marked  off  with  a  needle  point  from  the  oSset  scale.  This  ia  then 
sUd  on  to  the  next  distance,  and  the  operation  is  repisated.  If 
one  person  reads  off  the  field-notes,  and  another  plats,  the  opera- 
lion  -will  be  greatly  facilitated.  The  points  thus  obtained  are 
joined  by  straight  lines,  and  a  miniature  copy  of  the  curved  fine  ia 
thus  obtained ;  all  the  operations  of  the  platting  being  merely  re- 
petitions of  the  measurements  made  on  the  ground. 

If  no  o^et  scale  ia  at  hand,  make  one  of  a  strip  of  thick  drawing 
paper,  or  pasteboai-d ;  or  use  the  platting  scale  itself,  turned  cross- 
ways,  having  previously  marked  off  from  it  the  points  from  which 
the  o^ets  had  been  taken. 

In  plats  made  on  a  smaJl  scab,  the  shorter  offsets  arc  best  esti- 
mated by  eye. 

On  the  Ordnance  Survey  of  Ireland,  the  platting  of  offsets  is 
facilitated  by  the  use  of  a  combination  of  tho  offset  scale  and  the 
platting  scale,  the  former  bemg  made  to  slide  in  a  groove  in  the 
latter,  at  right  angles  to  it. 

(120)  CalcsilallDg;  Cttiitciit>  When  the  crooked  fine  deter- 
mined by  offsets  is  the  boundary  of  a  field,  the  content,  enclosed 
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oetween  it  and  the  straight  line  survejcS,  must  be  determined, 
that  it  may  bo  added  to,  or  subtracted  from,  the  content  of  the 
field  bounded  by  the  straight  lines.  Tbere  are  various  methods  of 
effecting  this. 

The  area  enclosed  between  the  straight  and  the  croolred  lines  ia 
divided  up  by  the  offsets  into  triangles  and  trapezoids,  the  content 
of  ■which  EQay  be  calculated  separately  by  Arts.  (65)  and  (67), 
and  then  added  together.  The  content  of  the  plat  on  page  75, 
^m,  therefore,  be  1500  +  4125  +  625  =  6250  square  Mks  = 
0.625  square  chain.  'I'he  content  of  the  plat  on  pige  T6,  will  in 
like  manner  be  found  to  be,  on  the  left  of  the  striight  hue  30,000 
square  links,  and  on  its  right  5,000  square  hnl^i 

(131)  When  the  offsets  have  hi,m  taten  at  equal  distances,  the 
content  may  be  moro  easily  obtained  by  adding  together  half  of 
the  first  and  of  the  last  offset,  ind  all  the  mtennediate  ones,  and 
multiplying  the  sum  hy  one  of  the  equil  distances  between  the  off- 
seta.     This  rule  is  merely  an  ibbrevntion  of  the  piecedmg  one. 

Thus,  in  the  plat  of  page  7G,  the  distances  bemg  equal,  the  con- 
tent of  the  offeets  on  the  left  of  the  straight  hne  lull  be  120  x  250 
=  30,000  square  links,  and  on  the  ngbt  20  X  250  =  5,000 
square  links ;  the  same  results  as  befoie 

When  the  line  determined  by  the  offiets  is  i  cun  ed  Hne,  "  Simp- 
son's rule"  ^ves  the  content  more  accurately.  To  employ  it,  an 
evm,  number  of  equal  distances  must  have  been  measured  in  the 
part  to  be  calculated.  Then  add  together  the  first  and  last  offeet, 
four  thnes  the  sum  of  the  even  ofisets,  (i.  e.  the  2d,  4tb,  6th,  &c.,) 
and  twice  the  sum  of  the  odd  offsets,  (i.  e.  the  8d,  5th,  7th,  &c.,) 
not  includmg  the  first  and  the  last.  Multiply  the  sum  by  one  of 
the  equal  distances  between  the  offeets,  and  divide  by  3.  The 
quotient  will  be  the  area. 

Example  12.  The  offsets  from  a  straight  line  to  a  ciirved  fence, 
were  8,  9,  U,  15, 16, 14,  9,  links,  at  equal  distances  of  u  links. 
What  was  the  content  included  between  the  curved  fence  and  the 
straight  line  ?  Ana.       371.66(} 
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(122)  Many  erroneoua  mlea  have  been  given  on  this  part  of  the 
subject.  Ojie  ?M?e  dnects  the ''uneyor  to  duide  tho  sum  of  ali 
Hie  offsets  by  onu  les*  than  then  numbei ,  an  1  multiply  the  quotient 
by  the  whole  length  of  the  striight  hue  oi ,  whit  la  the  ■same  tbng, 
to  multiply  the  s  im  of  sll  the  oflsets  liy  the  common  batance  he 
tween  them.  Thia  mil  be  toiiect  onI\  ^hen  the  offsets  at  each 
end  of  tlie  line  aie  nothing,  i  e  nhen  the  cuned  Imo  ataifcs  from 
the  straight  hue  and  letums  to  it  it  the  beginmng  and  end  of  one 
of  the  equal  distances  In  all  othei  cises  it  will  gne  ti)  much 
A  second  rule  dneeta  the  surveyor  to  dmde  the  sum  of  ill  thi,  off 
sets  by  their  number,  ind  then  to  multiply  the  qnotimt  1  y  the 
whole  straight  bno  This  may  gne  tru  much,  oi  tr  >  little,  ici,ord 
jng  to  oircumstancei 

Suppose  oSeta  of  10,  30,  20,  sn,  50,  50,  hnU,  to  I  nc  hL.n 
taken  at  equal  diatinces  of  %  cham  The  enici,t  ccntent  of  the 
enclosed  space  is  200  X  100  =  2  square  chains.  The  first  of  the 
above  rules  would  give  2.2  square  chains,  and  the  second  would 
mve  1.8333  chmns. 


(133)  Jledueing  to  one  triangJe  the  many-sided  figure  which  is 
formedbyiheoflsefcs,i3  the  method  of  calculation  sometimes  adopted, 
Thia  has  been  fully  expliuned  in  Part  I,  Art.  (78),  &c.  The 
method  of  Art.  (83)  is  best  adapted  for  this  purpose. 


(134)  Equalizing,  or  giving  and  taking,  is  an  approximate 
mode  of  calculatdon  much  used  by  practical  surveyors.  A  crook'id 
line,  determined  by  offsets,  having  been  platted,  a  straight  lino  is 
drawn  on  the  plat,  across  the  crooked  line,  leaving  as  much  space 
outside  of  the  straight  line  as  inside  of  it,  as  nearly  as  can  be  esti- 
mated by  the  eye,  "  Equalizing"  it,  or  "  Giving  and  taking" 


portions.  'ITie  straight  line  ia  best  determined  by  laying  acrosa 
the  irregulai'  outline  the  straight  edge  of  a  piece  of  transparent 
horn,  or  tracing  paper,  or  glass,  or  a  fine  thread  or  horse-baif 
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Btrecelied  straight  by  a  light  bow  of  whalebone.  lu  practical 
hands,  this  method  is  sufficiently  accurate  in  moat  cases.  The  stu- 
dent will  do  well  to  try  it  on  figures,  the  content  of  ivhich  he  has 
previously  ascertained  by  perfectly  accurate  methods. 

Sometimes  this  method  may  be  advantageously  combined  mth 
tlie  preceding;  short  lengths  of  the  croooked  boundary  being 
"  Equalized,"  and  the  fewer  resulting  zigzags  reduced  to  one  line 
by  the  method  of  Art.  (IS),  &c. 


CHAPTER  IV. 


SliRVEYIMG  BY  THE  PEEtEDOG  METHODS  COSIEIXED. 
125)  All  the  methods  which  have  been  explained  in  the  three 
preceding  chapters — Surveying  hy  IHagonals,  by  TiC'lines,  and 
by  Perpendioulars,  particularly  in  the  form  of  o&ets — are  fre- 
quently reqvdrcd  m  the  same  survey.  The  method  by  J>iagonala 
should  he  the  leading  cue ;  in  some  parts  of  tlie  survey,  obstaclca 
to  the  measurement  of  diagonals  may  require  the  use  of  T 
and  if  the  fences  are  crooked,  straight  lines  are  to  be  i 
near  them,  and  their  crooks  determined  by  Offsets. 

(126)  Offsets  are  necessary  additions  to  almost  every  other 
method  of  surveying.  In  the  smallest  field,  surveyed  by  diagonals, 
unless  all  the  fences  are  perfectly  straight  lines,  their  bends  must 
be  determined  by  offsets.  The  plat  (scale  of  1  chain  to  1  inch), 
,  and  field-notes,  of  such  a  case  are  ^ven  below.    A  sufficient  num- 
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ber  of  the  sides,  diagonals,  and  proof-lines,  to  prove  the  work,  should 
be  platted  before  platting  tho  offsets. 

Fig.  73. 
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(12T)  FleM-books.  The  difficulty  and  the  importance  of  keep 
ing  the  Reld-notea  clearly  and  distinctly,  increase  with  each  new 
combhiation  of  methods.  For  this  reason,  tJiree  different  methods 
of  keeping  the  Field-notes  of  the  same  survey  will  now  he  given, 
(from  Bourns'  Surveying),  and  a  careful  comparison  by  the  stu- 
dent of  the  corresponding  portions  of  each  will  be  very  profitable 
to  him, 
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Meld-Booh  No.  1  (Fig.  Y4)  shews  tke  Sketch  tneUiOfl,  esjilai 
■d  in  Art.  (94). 
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FIELD-BOOK  No.  2. 
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Meld-Booh  No.  2  (Fig.  75)  stews  tlie  Columa  met'io 
Bd  in  Art.  (93). 
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Meld  Booh  iVo,  3  (Fig.  ■''6)  ia  a  convenient  combination  of  tJie 
hfo  preceding  methods.  The  bottom  of  the  Book  is  at  the  aide  of 
tliia  figure,  at  A. 
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(128)  It  will  eaaly  appear  from  tlie  sketch  of  Field-bOTk  No.  1, 
how  much  time  and  labor  may  be  saved,  or  lost,  by  the  maimer  oi 
doing  the  work.  Thus,  heginning  at  A,  and  measuring  750  Imlts, 
a  pole  should  be  left  there,  and  the  line  to  the  right  measured  tc 
17  chfuna,  or  C,  leaving  a  pole  at  12.30  as  a  neiv  starting  point  by 
and  by.  Then  from  C  measure  1 9  chains  to  A  again ;  tiien  mea- 
sure from  A  to  B,  and  from  B  back  to  the  pole  left  at  7.50  on  the 
main  line. 


(129)  The  example  which  will  now  be  given  shows  part  of  the 
Field-notes,  tiie  plat,  (on  a  scale  of  6  inches  to  1  mile  [1 :  10,560]), 
and  a  partial  calculation  of  the  "  Filling  up"  of  a  large  triangle, 
the  angular  points  of  Trlnch  are  supposed  to  have  been  determined 
by  the  methods  of  Geodesic  Surveying.  Tliey  should  be  well 
Btudied.* 


'  Capt.  Frome,  ill  his  "  Trigonometciool  Survey,"  fi'om  which  ihis  eiampio 
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In  the  above  spoeimeE  of  a  field-book,  (which  resembles  tliat  on 
fiage  85),  all  offsets,  except  those  havmg  relation  to  the  boundary 
lines,  are  purposely  omitted,  to  prevent  confusion,  the  example 
being  ^ven  solely  to  iDuatrate  the  method  of  calculating  these 
larger  divisions.  Rough  diagrams  are  drawn  in  the  field-book  not 
to  any  scale,  but  merely  bearing  some  sort  of  resemblance  to  the 
lines  measured  on  the  ground,  for  the  purpose  of  showing,  at  any 
period  of  the  work,  their  directions  and  how  they  are  to  be  connect- 
ed ;  and  also  of  eventually  assisting  in  laying  down  the  diagram 
Rnd  content  plat.  On  these  rough  diagrams  are  written  the  lia 
tinctive  letters  by  which  each  line  is  marked  in  the  field-book,  and  also 
its  length,  and  the  distances  between  points  marked  upon  it,  from 
which  other  measurements  branch  off  to  connect  the  interior  por- 
tions of  the  district  surveyed. 


(130)  Calculations.  The  calculation  of  one  of  the  figures,  M» 
IS  given  belowin  detail.  It  is  composed  of  the  triangle  DPQ,  with 
o^ts  along  the  sides  PQ ;  and  of  the  triangle  DWX,  with  oflseta 
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alorig  tlic  sicbs  PW  and  WX.  From  the  content  thus  obtained 
must  be  subtracted  the  offsets  on  PQ,  belonging  to  tlie  figure  JJ^, 
and  those  on  WX  belonging  to  the  figure]!^.  When  the  offsets 
aro  triangles,  (right  angled,  of  course) ,  the  base  and  perpendicular 
ai-o  put  down  as  two  sides ;  when  they  are  trapezoids,  the  two 
parallel  sides  and  the  distance  between  them  occupy  tho  coliiraiia 
of  "sides." 


TRIANQLE 


Subtractives. 


DFQ 
PQ 

DWX 


1442 
55 


Total  Subtractives, 
Total  Additives, 

I     I     I 

difference,    \ 


.6600 ; 
.3280 
.S240  ' 


1.8020 
51.8339 
.4660 
.3192 
.4784 
.1620 


.4350  ; 
1.1680 

.0990  ' 


3.6984 
140.8255 
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The  oHier  figures,  comprised  within  the  large  triangle,  are  record- 
ed and  calculated  in  a  similar  manner.  An  abridged  register  of 
the  results  ia  given  below. 


DIVISION. 

ADDITIVES. 

SL-IITRACTIVE. 

i>iffeiu;ncb  in  ' 
square  chains. 

=■  1 

I)NS 

ami  offsets. 

DWX 

1 140.4893 

>   1 

and  offsets. 

DPQ 
and  offsets. 

)  100.1882 

3       { 

ANO 
and  offsets. 

and  offsets. 

j 103.9778 

•1 

NTJV 

NKM 

and  offsets. 

Offsets. 

I  81.6307 

■    ! 

and  offsets.     [    and  offsets. 

j  109.5064 

DPQ 

DWX 

and  offsets. 

Offsets 

!  137.1271 

ToM,        ....--           672.9196        | 

The  accuracy  of  the  preceding  calculations  of  the  separate  figures 
must  now  be  tested  by  comparing  the  sum  of  their  areas  with  that 
of  the  large  triangle  AOD,  which  comprises  them  all.  Their  ai-ea 
must  previously  be  increased  by  the  offeets  on  tlie  lines  CS  and  CH, 
which  had  been  deducted  from  H,  and  which  amount  reapectivelj 
to  S.62T0  and  2.8690.  The  total  areas  will  then  equal  679.3155 
square  chains.  That  of  the  triangle  ACD  is  679.5032 ;  a  difiei^ 
ence  of  less  than  a  fifth  of  a  square  chain,  or  a  fiftieth  of  an  acre  ; 
cr  about  one-fortieth  of  one  per  cent,  on  the  total  area. 

(ISl)  Tlifi  sis  liacs.  In  moat  cases,  great  or  small,  stc  /»«• 
damental  lines  will  need  to  be  measured ;  via.  four  approximate 
boundary  lines,  forming  a  quadrilateral,  and  its  two  diagonals. 
Small  triangles,  to  determine  prominent  points,  can  be  formed  ivithin 
and  without  these  main  lines  by  the  Fibst  Method,  Art.  (3), 
and  the  lesser  irregularities  can  bo  determined  by  ofisets. 
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Thus,  in  t!ie  above  figure,  two  straiglit  lines  AE  and  CD  avo 
measured  through  the  entire  length  and  breadth  of  the  farm,  or 
township,  -which  is  to  be  surveyed.  The  connecting  lines  AC,  CB, 
BD  and  DA  are  also  measured,  uniting  the  extremities  of  the 
first  two  lines.  The  last  four  lines  thus  form  a  quadrilateral,  which 
is  divided  into  two  triangles  by  one  of  the  fii-st  measured  lines, 
while  the  second  serves  as  a  proof-line.  The  distance  from  the 
intersection  of  the  two  diagonals  to  the  extremities  of  each,  being 
mrasured  on  the  ground  and  on  the  plat,  affords  an  additional  test. 

Other  points  of  the  district  siu-veycd  (as  E,  G,  K,,  &c.,  in  the 
hgure,)  are  determined  by  measuring  the  distances  from  them  to 
known  points  (as  M,  N,  P,  E,  &c.,  in  the  figure)  situated  on  some 
of  the  sis  fundamental  lines,  thus  forming  the  triangles  Ti  T- 

The  intersection  0  of  the  main  diagonals,  and  also  the  intersec- 
tions of  the  various  minor  lines  with  the  mam  fines  and  with  each 
other,  should  all  be  carefully  noted,  as  additional  checks  when  the 
work  comes  to  be  platted. 
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The  larger  fij^nres  are  determined  first,  and  tha  smaller  ones 
based  upon  tliem,  in  accordance  ivith  this  important  principle  in 
all  surveying  operations,  always  to  work  from  the  whole  to  tlie 
parts,  and  from  greater  to  less.  The  unavoidable  inaccnraciea  are 
thns  subdivided  and  diminished.  The  opposite  conrae  would  accu- 
mulate aud  magnify  them, 

These  additional  lines,  which  form  secondary  triangles,  should 
be  so  chosen  and  ranged  as  to  pass  through  and  near  as  many  ob- 
jects as  possible,  in  order  t»  require  as  few  and  as  short  offsets  as 
the  position  of  the  lines  will  permit ;  the  smaller  irregularities  being 
determined  by  o^ets  as  usual.  It  is  better  to  measure  too  many 
lines  tiian  too  few,  and  to  establish  unnecessary  "  false  stations," 
rather  than  not  to  have  enough. 

(1S2)  Exceptional  cases.  The  preceding  arrangement  of  lines, 
though  in  most  cases  the  best,  may  sometimes  be  yaned  with  ad- 


vantage.    Unless  the  farm  s 
as  long,  the  two  d 
of  nearly  at  right  a 


y'cyed  he  of  a  shape  nearly  as  broad 
cross  each  other  obliquely,  instead 
desirable. 


When  the  farm  is  much 
longer  than  it  is  wide,  two 
systems,  of  six  lines  each, 
may  be  used  with  much 
advantage,  as  in  Fig.  79. 
Several  such  may  be  com- 
bined when  necessary. 


In  a  case  lilce  that  in  Fig. 
80,  five  hnos  will  be  better 
than  six,  and  wUl  tie  one  an- 
other together,  their  points  of 
intersection  being  carefully 
noted, 
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In  the  farm  repi'esented  in    fZj  • 
Fig.  81,  tKe  system  of  lines 
there  shoivn  is  the  best,  and 
they  will  also  tie  one  another. 


(133)  Much  difficulty  ivill  often  be  found  in  ranging  and  n 
Buring  the  long  Hnes  required  by  this  method  in  extensive  surveys. 
Various  contrivances  for  overcoming  the  obstacles  whicli  may  bo 
met  witli,  will  be  explained  in  &&  following  chapter.  It  will  often 
be  convenient  to  measure  the  minor  lines  along  roads,  lanes, 
paths,  &c.,  although  they  may  not  lie  in  the  most  desirable  direc- 
tions. Steeples,  chimneys,  remarkable  trees,  and  other  objects  of 
that  character,  may  often  be  sighted  to,  and  the  line  measured  to- 
wards them,  with  much  saving  of  time  and  labor.  The'point  where 
the  meaaared  hnes  cross  one  another  should  always  be  noted,  and 
they  will  thus  form  a  very  complete  series  of  tie-lines.* 

A  view  of  the  district  to  be  surveyed,  taken  from  some  elevated 
position,  will  be  of  much  assistance  in  planning  the  general  direc- 
tion of  the  lines  to  be  measured. 


(134)  Inaccessible  Areas. 

A  combination  of  offsets  and 
tie-lines  supplies  an  easy  me- 
thod of  surveying  an  inacees- 
isihle  area,  such  as  a  pond, 
swamp,  forest,  block  of  houses, 
&c.,  as  appears  from  the  fi- 
gure ;  in  -which  external  bound- 
ing lines  are  taken  at  will  and 


•  To  find  ttie  exact  point  of  interaection  cf  tlieae  lines,  wliicli  are  only  visual 
lines,"  (explained  in  Avt  (19),)  three  persons  are  necessary!  one  stands  at  some 
point  of  one  of  the  lines  and  sighta  to  some  other  point  on  it ;  a  second  does  the 
aame  on  the  second  line ;  by  signs  they  dii'eot,  to  right  or  left,  the  movements  of  a 
third peiEon,  who  holds  a  rod,  till  he  ia  placed  inlKitli  of  the  lines  and  thus  li 
their  mlerseclion,  on  the  principle  .if  An,  {II). 
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measured,  and  tied  by  "tie-Hncs"  measured  beWeen  these  lines, 
prolonged  when  necessary,  as  in  Art.  (101),  "while  ofisets  from 
them  detei-mine  the  irregularities  of  the  actual  boundaries  of  the 
pond,  &c. 

These  off3ets  are  insets,  and  then-  content  is,  of  course,  to  be 
fiubtraefced  from  the  content  of  the  principal  figure. 

Even  a  circular  field  might  thus  be  approximately  measured  from 
the  oatside, 

If  the  shape  of  the  field  admits  of  Fig,  83, 

it,  it  will  be  preferable  to  measure 
four  lines  about  the  field  in  such 
directions  as  to  enclose  it  in  a  rect-  < 
angle,  and  to  measure  offsets  from  the 
sides  of  this  to  the  angles  of  the 
field. 


(13.5)  When  one  of  the  lines  with  which 
an  maccessihle  field  la  surrounded,  as  in 
the  last  two  figures,  cuts  a  comer  of  the 
field,  as  in  Fig.  84,  the  triangle  ABC  is 
to  be  deducted  from  the  content  of  the 
enclosing  figure,  and  the  triangle  CDE 
added  to  it.  The  triangle  DEF  is  also 
to  be  added,  and  the  triangle  FGH  de- 
ducted. To  do  this  directly,  it  would  he 
necessary  to  find  the  points  of  intersection 
C  and  P.  But  this  may  be  difficult,  and 
can  be  dispensed  with  by  obtaining  the 
ditference  of  each  pair  of  triangles.  Tho 
difference  of  ABO  and  CDE  will  be  ob- 
tained at  once  by  multiplying  the  differ- 
ence of  the  ofisets  AE  and  DE  by  half  of  BE 
of  DEE  and  FGH  by  multiplyins  the  difference  of  DE 
by  half  of  EG.* 


and  the  diSerenc6 

an 


="(DE  — AB)  X  iED;  a 


=  E«  X  H'""  +  CEl 
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(138)  Road^i     A  winding  Koad  may  also  be  surveyed  tlios,  as 
IS  shown  in  Fig.  85 ;  straight  lines  being  measured  in  the  road, 
Fig.  85. 


their  changes  in  direction  determined  by  tie-lines,  tying  one  line  to 
the  preceding  one  prolonged,  as  explained  in  Chapter  II,  of  this 
Part,  aad  points  in  the  road-fences,  on  each  side  of  these  straight 
lines,  being  determined  by  offsets. 

A  Rlrcr  may  also  he  supposed  to  be  represented  by  the  above 
winiJmg  lines ;  and  the  lower  set  of  lines,  tied  to  one  another  aa 
before,  and  with  offsets  from  them  to  tlie  water's  edge,  will  be  suf- 
ficient for  making  an  accurate  sui-vey  of  one  aide  of  the  river. 

(137)  Towns.  A  town  could  be  surveyed  and  mapped  in  the 
same  manner,  by  measuring  straight  lines  through  all  the  streets, 
determining  tlieir  angles  by  tie-linos,  and  taking  oSsets  from  theif 
to  tlie  blocks  of  houses. 
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CHAPTER  V. 


OBSTACLES  TO  MEiSWlEMEMT  O  C3L1IS  StlKVElIKG. 

(I3S)  In  the  practice  of  the  various  methods  of  survejitig  which 
have  boon  explained,  the  hills  and  valleys  ivhich  are  to  he  crossed, 
the  sheets  of  water  which  are  to  he  passed  over,  the  woods  and 
houses  which  are  to  he  gone  through — all  these  form  obstacles  to 
the  measurement  of  the  necessary  lines  ivhich  are  to  join  certain 
points,  or  to  be  prolongo3  in  the  same  direction.  Many  special 
precautions  and  contrivances  are,  therefore,  rendered  necessary  ; 
and  the  best  methods  to  be  employed,  when  the  chain  aione  is  to 
be  used,  will  be  given  in  the  present  chapter. 

(139)  The  methods  now  to  be  given  for  overcoming  tlie  various 
obstacles  met  \vith  in  practice,  constitute  a  LASD-GEOMETRy. 
Its  problems  are  performed  on  the  ground  instead  of  on 
paper :  its  compasses  are  a  chain  fixed  at  one  end  and  free  to  swing 
around  with  the  other;  its  scale  is  the  chain  itself;  and  its  ruler 
is  the  sajne  chain  stretched  tight.  Its  advantages  are  that  its  sin- 
gle instrument,  (or  a  substitute  for  it,  such  as  a  tape,  a  rope,  &c.) 
can  be  found  anywhere ;  and  its  only  auxiliaries  are  equally  easy 
to  obtain,  being  a  few  straight  and  slender  rods,  and  a  plumb-line, 
for  which  a  pebble  suspended  by  a  thread  is  a  sufficient  substitute. 

Mpny  of  these  problems  require  the  employment  of  perpendicu- 
lar and  parallel  lines.  For  tliis  reason  we  will  commence  with  this 
class  of  Problems. 

The  Demonstrations  of  these  problems  will  be  placed  in  an  Ap- 
pendix to  this  volume,  which  will  be  the  most  convenient  arrange- 
ment for  the  two  great  classes  of  students  of  surveymg ;  those  who 
wish  merely  the  practice  without  the  principles,  and  those  who  wish 
to  secure  both. 

The  elegant  "  Theory  of  Transversals"  will  be  an  important  ele- 
ment in  some  of  these  demonstrations.  All  of  tliem  will  constitute 
excellent  exercises  for  students. 
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PROBLEMS  ON  PERPENDICULARS.* 

Problem  1.      To  erect  a  perpendioular  at  any  point  of  a  Una. 


(Uft)  Mrst  Method.  Let  A  be  the 
point  at  which  a  perpendicular  to  the  line  is 
to  be  set  out.  Measure  off  equal  distances 
AB,  AC,  on  each  side  of  the  point.  Take 
a  portion  of  the  chain  not  quite  1^  times  as 
kiig  as  AB  or  AC,  fix  one  end  of  this  at  E, 
and  describe  an   arc  with  the  oiher  end,  -^ 

Do  the  same  from  C.  The  intersection  of  those  arcs  will  fix  a  point 
D.  AD  will  be  the  perpendicular  required.  Bopeat  the  operation 
on  the  other  side  of  the  line.  If  that  is  impossible,  repeat  it  on 
the  side  with  a  different  length  of  chain. 


(111)  Second  Method.  Measure  off  as  be- 
fore, eqnal  distances  AE,  AG,  but  each  about 
only  one-thii'd  of  the  chain.  Fasten  the  ends 
of  the  chain  with  two  pins  at  B  and  C .  Stretch  ^ 
it  out  on  one  side  of  the  line  and  put  a  pin  at  the 
middle  of  it,  D.  Do  tlie  same  on  the  other 
side  of  the  line,  and  set  a  pin  at  E.  Then  is  DE  a  pei'pendicular 
to  BC.  If  it  is  impossible  to  perform  the  operation  on  both  aides 
of  the  line,  repeat  it  on  the  same  side  with  a  different  length  of 
chain,  as  shown  by  the  lines  BF  and  CF  in  the  figure,  fo  as  to  get 
a  second  point. 

(112)  Ot/ier  Methods.     All  the  methods  to  be  given  for  the 
nest  problem  may  be  applied  to  this. 


Many  of  these  methods  wouUl  seldom  be  requii-edin  piactice.bu 
limeB  pocnr,  aa  every  surveyor  of  much  espenence  in  Fiald-wort 
hie  eevious  luconvenieuoe,  in  which  Some  peculiarity  of  the  local  c 
forbids  an^  of  the  usual  methods  being  applied.    It)  such  cases  the  collection  here 
given  will  be  fociml  of  great  value. 

In  all  the  figures,  the  given  and  measured  lines  are  drawn  wits  one  full  lines , 
Jbe  visusl  lises,  or  lines  of  eight,  with  brokea  lines,  and  the  lines  of  the  resiiil 
with  heavy  full  lines.  The  points  which  are  centres  ai-Dund  whith  llie  chain  Is 
swung,  are  enclosed  in  circles.  The  alphabetical  order  of  tile  letters  attached  to 
the  pninta   shows  in  wliat  nrdtr  iLey  aie  taken. 
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Problem  2.  To  erect  a  perpendicular  to  a  Urn  at  a  given  pointy 
when  the  point  is  at  or  near  the  eiid  of  the  line. 

(143)  Mrst  Method.  Mcasuro 
40  liiita  along  the  line.  Let  one  as- 
Bistaot  hold  one  end  of  the  chain  at 
that  point ;  let  a  second  hold  the  20 
Imk  mark  which  ia  nearest  the  other 
ond,  at  the  given  point  A,  and  let  a 
third  take  the  50  link  mark,  and 
tighten  the  chain,  drawhig  equally  on  both  portions  of  it.  Then 
will  the  50  link  mark  be  in  the  perpendicular  desired.  Hepeat 
the  operation  on  the  other  side  of  the  line  so  aa  to  test  tlie  work. 

The  above  nnmbei-s  ai-e  the  most  easily  remembered,  but  the 
longer  the  lines  measured  the  better ;  and  nearly  the  whole  chain 
may  be  used,  thus :  Kx  down  the  86th  link  &om  one  end  at  A, 
and  the  4th  link  from  the  same  end  on  the  line  at  B.  Kx  the 
other  end  of  the  chain  also  at  B.  Take  the  40th  link  mark  from 
this  last  end,  and  draw  the  cham  tight,  and  this  mark  will  be  in 
the  perpendicular  desired.  The  sides  of  the  triangle  fonned  by 
the  cham  will  be  24,  32  and  40. 

(144)  Othei-wise :  using  a  50  feet 
tape,  hold  the  16  feet  mark  at  A ; 
hold  the  48  feet  mark:  and  the  ring- 
end  of  the  tape  together  on  the  line  ; 
take  the  28  feet  mark  of  the  tape,  and 
draw  it  tight ;  then  will  the  28  feet 
mark  be  in  the  perpendicular  desired. 


(145)  Second  Metlwd.  Hold  one  end 
of  the  chain  at  A  and  fix  the  other  ond  at  a 
point  B,  taken  at  will.  Swing  the  chain 
around  E  as  a  centre,  till  it  again  meets  the 
line  at  C.  Then  carry  the  same  end  around 
(the  oiilicr  end  remaining  at  B)  tilt  it  comes 
in  the  line  of  CE  at  D.  AD  is  the  perpen- 
dicular JTqviired. 
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(1-16)  Third  MetUd.  Let  A  be  the  ^ven 
point.  Choose  any  point  B.  Measure  BA. 
Set  off,  on  the  given  line,  AC  =  AB.     On  CB 

produced  set  off  from  C,  a  distance  =  — r^-v.—  - 

This  will  fix  the  point  D,  and  AD  -will  be  the 
perpendicular  required. 


(147)  Fourth  Method.  From  the 
given  point  A  set  off  on  the  ^ven  line 
any  distance  AB.  From  B,  in  any 
convenient  dii'eetion,  set  off  BC  =  AB. 
Then  on  the  ^ven  line,  set  off  AD  = 

AC.  On  OB  prolonged,  set  off  OE  = 

AD.  Join  DE ;  and  oa  DE,  from  D,  set  ofFDF  =  2  AE.     Then 
will  the  Une  AJ"  be  perpen(Ucnlar  to  the  line  AD  at  the  point  A. 

Prol)lcm  3.  To  erect  a  perpendicular  to  an  inaccessible  Une, 
at  a  given  point  of  it. 

(liS)  First  Method.  Get  points  in  the  direction  of  the  inac- 
cessible line  prolonged,  and  from  them  set  out  a  parallel  to  the  line, 
by  methods  which  are  ^ven  in  Art.  (165),  &e.  Find  by  trial  the 
]>oint  in  which  a  perpendicular  to  thia  second  line  (and  therefore  to 
the  fii^t  line)  will  pass  through  the  required  point. 

(140)  Second  Method.  If  the  line  is  not  only  inaccessible, 
but  cannot  have  ita  direction  prolonged,  the  desired  perpendicular 
can  be  obtained  only  by  a  complicated  trigonometrical  operation. 

ProWcm  4.  To  let  fall  a  perpendioular  from  a  givenpoint  te 
a  given  line. 

(150)  First  Method.  Let  P  be 
the  ^ven  point,  and  AB  the  ^ven 
Ime.  Measure  some  distance,  a  chain 
or  less,  from  C  to  P,  and  then  fis  one 
end  of  the  chain  at  P,  and  swing  it 
ground  till  the  same  distance  meets 
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the  line  at  some  point  D.  The  nuddle  point  E  of  the  distance  CD 
will  be  the  required  point,  at  irhieh  the  perpendicular  from  P 
would  meet  tlie  line. 


(151)  Seeond  Method.  Stretch  a  chain,  or 
from  the  given  point  P,  to  some  point,  as  A,  of  the 
given  line.  Hold  the  end  of  the  distance  at  A, 
and  Sluing  round  the  other  end  of  the  chain 
from  P,  so  as  to  set  off  the  same  distance  along 
the  given  hne  from  A  to  some  point  B.  Mea- 
sure BP.  Then  i\-ill  the  distance  BC  from 
desired  perpendicular  ^Q-prr-. 


portion  of  it, 


to  the  foot  of  the 


(152)  Other  Methods.     All  the  metliods  given  m  the  next 
problem  can  be  applied  to  this  one. 

froMeni  5,     To  let  fall  a  peiyendieular  to  a  line,  from  appoint 
nearly  opposite  to  the  end  of  the  line. 

(153)  First  Metliod.     Stretch  a  chain  from  the  ^vea  point  P, 
to  some  pomt,  as  A,  of  the  ^ren  line.    Fk  to  Fig.  95, 
the  ground  the  middle  point  B  of  the  chain 
AP,  and  swing  ai-ound  the  end  which  was  at 
P,  or  at  A,  till  it  meets  the  ^ven  Imc  in  a 
point  C,  which  will  he  the  foot  of  the  ] 
quired  perpendicular. 


(154)  Second  3feiJwd.  Take  any  point, 
as  A,  on  "the  given  line.  Measure  a  dis- 
tance AE.  Let  the  end  of  this  distance 
on  the  chain  be  held  at  B,  and  awing  around 
the  end  of  the  chain,  till  it  comes  in  the 
line  of  AP  at  some  point  C,  thus  making  BO  =  AB.  Jleasurs 
AC  and  AP.     Then  the  distance  AD,  from  A  to  the  foot  of  the 

APx  AC 
perpendicular  required  =  — o~ar~' 
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(153)  Third  Method.  At  any  convenient 
point,  as  A,  of  the  ^ven  line,  erect  a  perpen- 
dicular, of  any  conrcnient  length,  as  AE,  and 
mai^k  a  point  C  on  the  given  line,  in  the  line 
pf  P  and  B.  Measure  CA,  CB  and  OP. 
ITiea  the  distance  from  C  to  the  foot  of  the 

,.    ,       .        „T,       CAxCP 
perpendicular,  i.  e.  CD  =  ••'pji'  •"• 


ProWem  6.      To  iet  fall  a  perpendicular  to  a  line,  fro 
inaccessibl 


(158)  I'uU  JIef?uJ  Ltt  r  lie  tlic  ^ucii. 
point.  At  any  j)omt  A,  on  the  ^iven  line,  set  out 
a  perpendiculii  AS  of  any  convenient  length 
Prolong  it  on  the  othei  bide  of  the  line  the 
same  distance  Maik  on  the  given  hne  % 
pomt  D  in  the  hne  of  PB ,  and  a  point  E  in 
the  line  of  PC  Mark  the  pomt  P  it  the  in 
tersection  of  DO  'mi  BE  prolonged  The  hne 
PP  is  the  hne  leqmied,  beinj,  peipendicular 
to  the  ^ven  Ime  at  the  point  tj 


^N 


(15?)  i>'eeond  MeiJiod.  Let  A  and  B 
be  two  points  of  the  ^von  line.  From  A 
lot  fall  a  perpendicular,  AO,  to  the  visual 
line  BP ;  and  from  B  let  fall  a  perpendi- 
cular, ED,  to  the  visual  line  AP.  Find 
Uie  point  at  which  these  perpendiculars 
intersect,  as  at  E  (see  Art.  (133)),  and  the 
line  PE,  prolonged  to  F,  ivill  give  the 
perjiendieular  required. 


Frolllem  7.     21  let  fall  a  perpendicular  fro 
m  inacceuihU  line. 
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(158)  First  MetJiod.     Let  P  be  jri;.,  mo. 
tlie  giyen  point  and  AB  tlie  given  ; 
line.     3j  the  preceding  problem,  let 
fall  perpendiculars  from  A  to  BP,  at 
C ;  and  from  B  to  AP,  at  I) ;  the 
lino  PE,  passing  from  the  given  point  P 

to  the  intersection  of  these  perpeiidicidai-s,  ia  the  desired  perpendi- 
cular to  the  inaccessible  line  AB. 

Tills  method  will  apply  vi'hen  only  twi  poinfa  of  tlie  line  ara 
■(■isible. 

(159)  Second  Method.  Through  tlie  given  point,  set  out,  by 
the  methods  of  Art.  (163),  &c.,  a  line  parallel  to  the  inaccessible 
Ime.  At  the  ^ven  point  erect  a  perpendicular  to  the  parallel  line, 
and  it  lyiU  be  the  required  perpendiciilar  to  the  inaccessible  line. 

PROBLEMS  ON  PARALLELS. 

Ps'Oblera  1,  To  run  a  line,  fi-om  a  given  point,  parallel  to  a 
given  line. 

(160)  Mnt  Method.  Let  fall  a  perpendicular  from  the  point 
to  the  line.  At  another  point  of  the  line,  ss,  far  off  as  possible, 
erect  a  perpendicular,  equal  in  length  to  the  one  just  lot  fall.  The 
hne  joining  the  end  of  this  line  to  the  given  point  will  be  the  paral- 
lel required. 


(161)  Second  Method.  LetABbe 
the  ^ven  line,  and  P  the  given  point,  a  -- 
Take  any  point,  as  C,  on  the  given  line, 
and  from  it  set  off  equal  distances,  as 
long  as  possible,  CD  on  the  ^ven  line, 
and  CE,  on  the  liaie  OP.  Measure 
DE.  From  P  set  off  PF  ==  CE ;  and  from  F,  ivith  a  distance  = 
DE,  and  from  P,  with  a  distance  =  CD,  describe  arcs  intersect, 
ing  m  G.  PGr  will  be  the  parallel  required.  If  it  is  more  con- 
venient, PC  may  be  prolonged,  and  the  equal  triangle,  CDE,  be 
formed  on  the  other  side  of  the  line  AB. 
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(!62)  Third  Method.  Measure  from 
P  to  any  point,  aa  C,  of  tlie  given  lino,  and  a— ' 
put  a  mark  at  the  middle  point,  D,  of  that 
line.  From  any  point,  aa  E,  of  the  given 
line,  measure  a  Ime  to  the  point  D,  and  con- 
tinue it  tiU  DF  =  DE.  Then  will  the  line 
PF  be  parallel  to  AB. 

(163)  Murth  Method.  Measure  fwm 
P  to  any  point  C,  of  the  given  line,  and 
continue  the  measurement  till  CD  =  CP. 
From  D  measure  to  any  point  E  of  the 
given  line,  and  continue  the  measurement 
till  EF  =  ED.  Then  ivill  the  line  PF 
1  to  AD.     If  more  convenient. 


CD  may  he  made  one-half,  or  any  other  fraction,  of  CP,  and  EF 
he  then  made  twice,  &c.,  DE. 


~>-#:' 


(164)  F!fth  Method.     From  any 
point,  as  C,  of  the  line,  aet  off  equal  ^^' 
distances  along  the  line,  to  D  and  E. 
Take  a  point  P,  In  the  line  of  PD. 
State  out  the  lines  EC  and  FE,  and  '\,  i  / 

also  the  line  EP,  crossing  the  line  CF  '^' 

m  the  pouit  G.     Lastly,  prolong  the  line  DG,  till  it  meets  the 
line  EF  in  the  point  H.     PH  is  the  parallel  required- 
Problem  2.     To  7-un  a  line  from  a  given  point  parallel  to  an 
inaecessible  line. 


■  (165)  Mret  Method.      Let  AL  ^ 
be  the  given  line,  and  P  the  given  j 
point.     Set  a  stake  at  C,  in  the  bne 
of  PA,  and  another  at  any  com  e  i 

ient  point,  D.     Through  P,  set  out  ^  ' 

by  the  preceding  problem,  a  paiallel 

to  DA,  and  set  a  stake  at  the  pomt,  ^ 

BS  E,  where  tins  parallel  intersects  DC  prolonged.     Through   1 
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[part  ti 


Bet  out  a  parallel  to  BD,  and  set  a  stake  at  the  point  F,  whore  tli'ia 
parallel  interaecta  BO  prolonged      PF  ia  the  parallel  required 

(166)  Second  Method.  Set  a  stake 
at  any  point,  C,  in  the  line  of  AP,  and 
another  at  any  convenient  place,  as  at  J). 
Through  P  set  out  a  parallel  to  AD, 
intersecting  CD  in  E.  Through  E  set 
out  a  parallel  to  DE,  intersecting  CE  in 
F.  The  line  PF  will  be  the  parallel  re- 
quired. 

(167)  AlineineBt  and  ISIcasurcmcnt,  We  are  now  prepared, 
having  secured  a  variety  of  methods  for  setting  out  Perpendi:nlara 
and  Paraliela  in  every  probable  ease,  to  take  up  the  general  sub- 
ject of  overcoming  Obstacles  to  Measurement. 

Before  a  line  can  be  measured,  its  direction  must  be  determined. 
This  operation  is  called  Ranging  the  line ;  or  Alining  it ;  or 
Boning  it.*  The  word  Alin&ment\  will  be  found  very  convenient 
for  expressing  the  direction  of  a  line  on  the  ground,  ■whether 
between  two  points,  or  in  their  direction  prolonged. 

This  branch  of  our  subject  naturally  divides  itself  into  two  parts, 
the  first  of  which  is  preliminary  to  tlio  second ;  viz : 

I.  Of  Obstacles  to  Allncment  f  or  liow  to  establish  the  direc- 
tion of  a  line  in  any  situation. 

Hi  Of  Ofestaclfis  (o  Measurcfflcni ;  or  how  to  find  the  length  of 
a  line  tvhiah  cannot  be  actually  measured. 

I.    OBSTACLES  TO  ALINEMENT. 
(IKS)  All  tie  cases  which  can  occur  under  this  head,  may  be 
reduced  to  two ;  viz: 

A.  To  find  points  in  a  line  heyond  tlie  given  points,  1.  e.  to 
prolong  the  Jme. 

B.  To  find  pointa  m  a  line  ietioeen  two  given  points  of  it,  i.  e. 
lO  interpolate  pointa  in  the  line. 

'  This  wovd,  lika  many  othei's  used  in  Engineering,  ia  derived  fiora  B  Fi^ncb 
word,  Bomer,  to  mark  oui,  or  limit ;  iiidicaling  that  tha  Normans  iaIiotlTiced  tha 
irt  of  Siii-veyiiig  into  England. 

1  Slightly  iiiodilied  from  the  FrULlch  Aii^emcat. 
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j1.    to  PKOLONG  a  LD'R 


(Ife*!)  Ky  laagmg:  mlh  rods.  "\\Tieii  two  pi  latb  m  a  line  aw 
giTon,  and  it  ib  desued  to  ^'S  ^"^ 

Iirolon^  the  lino  bj  riiiom^  ""a^ii^Sfe^^^^^^fe- 

U  oat  ivith  lodij,  thiee  pei-    ^  ''^^^^^^j^i^^'^ 

soils  aie  retLuuud,  each  fiumslied  with  a  eti^i^ht  slender  rod,  and 
with  a  plumh-lme,  oi  othei  means  of  keeping  then  lods  vertical. 
One  holdd  hn  nd  at  one  of  the  gn  en  pomta,  A,  m  the  figure,  and 
another  at  B.  A  third,  C,  goes  forward  as  far  as  he  can  without 
losing  sight  of  the  first  two  rods,  and  theii,  looking  back,  puts  him- 
self "  in  line  "  with  A  and  B,  i.  e.  so  that  when  his  eye  is  placed 
at  0,  the  rod  at  B  hides  or  covers  the  rod  at  A.  This  he  can  do 
most  aocui"atelj  hj  holding  a  plumb-line  before  his  eye,  so  that  it 
shall  cover  the  first  two  rods.  The  lower  end  of  the  plumb-bob 
will  then  indicate  the  point  where  the  third  rod  should  be  placed ; 
and  so  with  the  rest.  The  first  man,  at  A,  is  then  signalled,  and 
comes  forward,  passes  both  the  others,  and  puts  himself  at  D,  "  in 
line"  with  C  and  B.  The  man  at  B,  then  goes  on  to  E,  and  "  lines" 
himself  with  D  and  0  :  and  so  they  proceed,  in  this  "  hand  over 
hand"  operation,  as  far  as  is  desired.  Stakes  arc  driven  at  each 
point  in  the  line,  as  soon  as  it  is  detennined. 

(170)  The  rods  should  be  perfectly  straight,  either  cylindrical  or 
polygonal,  and  as  slender  as  they  can  be  without  bending.  They 
should  be  painted  in  alternate  bands  of  red  and  white,  each  a  foot, 
or  link,  in  length.  Their  lower  ends  should  be  pomted  with  iron, 
and  a  projecting  bolt  of  iron  will  enable  them  to  be  pressed  down 
by  the  foot  into  the  earth,  so  that  they  can  stand  alone.  When 
this  is  done,  one  man  can  range  out  a  Sine.  A  rod  can  be  set  per- 
fectly vertical,  by  lioiding  a  plumb-line  before  the  eye  at  some  dis- 
tance from  the  rod,  and  adjusting  the  rod  so  that  the  plumb-line 
covers  it  from  top  to  bottom  ;  and  then  repeating  tho  operation  in 
a  du'cetion  at  right  angles  to  the  former.  A  stone  dropped  froo: 
top  to  bottom  of  the  rods  will  approximately  attain  the  same  end. 

When  the  lines  to  be  ranged  are  long,  and  great  accuracy  is  re 
quired,  the  rods  may  have  attached  to  them  plates  of  tin  with  oper 
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mgs  cut  out  of  them,  and  black  horse-hairs  stretched  from  ^< 
top  to  hottom  of  the  openings.    A  small  telescope  must 
Uien  be  used  for  ran^g  these  hairs  in  line.     In  a  hasty 
survey,  straight  twigs,  with  their  tops  split  to  recoivo  a  psif 
per  folded  as  in  the  figure,  may  be  used. 


(in)  Sy  perpftMicalas's.  fi^.  ina 

The  straight  hue,  AB  in   the  f --7  ®^ t— 

figure,  ia  supposed  to  bo  stop-       c  D        E  'f 

ped  by  a  tree,  a  house,  or  other  obstacle,  and  it  is  desired  to  pr» 
long  the  line  beyond  this  obstacle.  iFrom  any  two  points,  as  A 
and  B,  of  the  hne,  set  off  (by  some  of  the  methods  which  have  been 
given)  ecjual  perpendiculai-s,,  AG  and  BD,  long  enough  to  pass  the 
obstacle.  Prolong  this  line  beyond  the  obstacle,  and  from  any  two 
points  in  it,  as  E  and  F,  measure  the  perpendieulara  EG  and 
FH,  GQual  to  the  first  two,  but  in  a  contrary  direction.  Then 
will  G  and  H  be  two  points  in  the  line  AB  prolonged,  which  can 
be  continued  by  the  method  of  the  last  article.  The  points  A 
imd  B  should  be  taJten  as  far  apart  as  possible,  as  sliould  also 
the  pomta  E  and  T.  Throe  or  more  perpendiculars,  on  each 
side  of  the  obstacle,  may  be  set  off,  in  oi-der  to  increase  the  accu- 
racy of  the  opei'ation.  The  same  thing  may  also  be  done  on  ths 
other  side  of  the  line,  as  another  confin"Qation,  or  test,  of  the  accu- 
racy of  tho  prolonged  fine. 


(172)  By  csiuilateral  triangles. 

The  ohistacles,  noticed  in  the  last  arti- 
cle, may  also  be  overcome  by  means  of 
three  equilateral  triangles,  formed  by 
tlie  chain.  Fix  one  end  of  the  chain, 
and  also  the  end  of  the  first  hnk  frcm 
its  other  end,  at  B ;  fix  the  end  of  the 
33d  hnk  at  A ;  tal^e  hold  of  the  GGth 
link,  and  dra'\  th  ■  chain  tight,  puUmg  equally  on  each  part,  anJ 
put  a  pin  at  tlie  pomt  thus  found,  C,  in  the  figure.  An  equilateral 
triangle  wih  thus  be  formed,  each  side  being  33  links.  Prolong 
Oie  line  AC,  pait  the  oVtanV,  to  somp  ]-r>int,  as  I).     Make  aJiotber 


Hosted  by 


Google 


CHAP.  T  ] 


Obstacles  to  MtasiirciHem, 


107 


equilateral  triangle,  DEF,  aa  before,  and  thua  fix  tlie  point  F.  Pro- 
long DF,  to  a  length  equal  to  that  of  AD,  an<J  thus  fix  a  poiat  G. 
At  G-  form  a  third  equilateral  triangle  GHK,  and  thus  fix  a  point 
K.     Then  iviil  KG  give  the  direction  of  AE  prolonged. 

(173)  By  symmetrical  triangles.  Let  AE  be  tie  lini 
prolonged.  Take  any  conve- 
uient  point,  as  C.  llaagt 
out  the  Ime  AC,  to  a  pomt 
A',  Buch  that  CA'  =  CA. 
Range  out  CB,  so  that  CB' 
!=  CB.  Eange  bacliwards 
A'B',  to  some  point  D,  such 
that  DC  prolonged  will  pass 
the  obstacle.  Find,  by  ranging,  the  interaectioji,  at  E,  of  DB  and 
AC.  From  C,  measure,  on  CA',  the  distance  CE'-=  CE.  Then 
range  out  DO  and  E'E'  to  their  intersection  in  P,  which  will  be  a 
required  point  in  the  direction  of  AE  prolonged.  The  sytometri- 
cal  points  are  marked  bj  correspondmg  lettei-s.  Several,  otlier 
points  should  be  obtained  in  the  same  manner. 

In  this,  as  in  all  similai-  operations,  very  acatc   intcraeetiona 
aliould  be  avoided  as  far 


(ni)  By  transversals.    Let  AB  be 

the  given  line.  Take  any  two  points  C 
and  D,  such  that  the  line  CD  will  pass 
t!ie  obstacle.  Take  anotlier  point,  E, 
m  the  intersection  of  CA  and  DE. 
Measure  AE,  AC,  CD,  ED  and  BE. 
Then  the  distance  from  D  to  P,  a  point 
jn  the  required   prolongation,  \v-lI1   be 

Other  points  in  the  prolongation  n 
be  obtained  m  the  same  manner, 
merely  moving  the  smgle  point  C,  in  the 

line  of  EA ;   in  winch  case  the  new  distances  CA  and  CD  ■ 
alone  require  to  he  measured. 
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CD  X  BD 
U  AE  be  made  equal  to  AC,  tlion  is  DP  =  tj^^jjTT  ' 

CDxAK 


If  EE  be  ma 
'ilie  minus  b 


3  e'iual  to  BD,  tlien  is  DP : 


"  AC— AE 
a  the  denouinatora  must  be  understood  as  only 
Eoaaing  that  the  difference  of  the  two  terms  is  to  be  taken,  mthout 
regard  to  irhich  ia  the  greater. 


(175)  By  Itarmoiiic  conjugaics. 

Let  AB  be  tlie  given  line.  Set  a  ^ 
stake  at  any  point  0.  Setstakesat  '>' 
points,  D,  oa  the  line  CA,  and  at 
"E,  on  the  lino  CB ;  these  pomts, 
D  and  E,  being  so  chosen  that  the 
tne  DE  will  pass  beyond  the  obsta- 
cle. Set  a  fourth  stake,  F,  at  the 
intersection  of  the  lines  AE  and  ^'""'-.Vi 

DE.     Set  a  fifth  stake,  G-,  mj-  c 

where  ill  the  Sine  CF ;  a  sixth  stake,  H,  at  the  inteisceiion  of  CB 
and  DGr  prolonged ;  and  a  sepenth,  K,  at  the  intersection  of  CA 
and  EG  prolonged.  Finally,  range  ont  the  lines  DE  and  KII, 
and  their  intersection  at  P,  vnll  be  in  the  Ime  AB  prolonged. 


(HS)  By  tltc  csraplete  (jiiiadriSatera!.     Lot  AB  be  the  givei 
line.     Take  any  conven  tig.  m 

tent  point  C ;  measure 
from  it  to  B,  and  onward, 
b  the  same  line  proloag- 
ed,  an  equal  distance  to  D. 
Take  any  other  convenient 
point,  E,  such  that  CE  and 
DE  produced  will  clear  the  obstacle.  Measure  from  E  to  A,  and 
onward,  an  equal  distance,  to  F.  Range  out  the  linee  FC  anl  DE 
to  their  intersection  in  G.  Range  out  FD  and  CE  to  inter- 
Boct  in  H.  Measure  GH.  Its  middle  point,  P,  is  the  reqiured 
point  in  the  line  of  AB  prolonged.  The  unavoidable  acute  inter- 
sections in  this  construeticn  are  objectionable. 
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B.   TO  INTERPOLATE  POIS.T§  IN  A  IM'E. 

(Ill)  Tlie  most  distant  given  point  of  tlie  line  Binst  be  made 
aa  conspicuous  as  possible,  by  anj  efficient  means,  such  as  placing 
there  a  staff,  bearing  a  flag ;  red  and  white,  if  seen  against 
woods,  or  other  dark  back-ground ;  and  red  and  green,  if  mon 
against  the  sky. 

A  convenient  and  portable  signal  is  sliown  in  the  fliruro. 


The  figure  represents  a  disc  of  tin,  about  six  inches  in  diameter, 
pEttnted  wtiite  and  hinged  in  the  middle,  to  make  it  more  portable. 
It  is  kept  open  by  the  bar,  B,  being  turned  into  the  catch,  C. 
A  screw,  S,  holds  the  disc  in  a  slit  in  the  top  of  the  pole. 

Another  contrivance  is  a  strip  of  tin,  which  has  its  ends  bent 
horizontally  in  contrary  directions.  As  the  ivind  will  take  strong- 
est hold  of  the  side  which  is  concave  towards  it,  the  bent  strip  n-ill 
continually  revolve,  and  thus  be  very  conspicuous.  Its  upper  half 
should  be  painted  red  and  its  lower  half  white. 

A  bright  tin  cone  set  on  the  staff,  can  be  seen  at  a  great  distance 
when  the  sun  is  sliining. 

n§)  Ran^ng  to  a  point,  thus  made  conspicuous,  is  rery  aim- 
pie  when  the  ground  is  level.  The  surveyor  places  his  eye  at  tlio 
nearest  end  of  the  hue,  or  stands  a  little  behind  a  rod  placed  on  it, 
and  by  signs  moves  an  assistant,  holding  a  rod  at  some  point  aa 
nearly  m  the  desired  line  as  he  can  guess,  to  the  right  or  leff,,  tiU 
hia  rod  appears  to  cover  the  distant  ooint 
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When  a  valley,  or  low  spot,  intor 


(!T9)  Across  a  ralley. 

venea  between  the  two  ends 
of  the  line,  A  and  Z  in  the 
figure,  a  rod  held  in  the 
low  place,  as  at  B,  would  = 
eeldom  ho  high  enough  to 
be  seen,  from  A,  to  cover 
the  distant  rod  at  Z.     In  ~"      " 

such  a  case,  the  survejor  at  A  should  held  up  a  plumh-liao  ovci 
tlie  point,  at  arm's  length,  and  place  nia  eye  so  that  the  pluml)-lina 
covers  the  rod  at  Z.  He  should  then  direct  the  rod  held  at  B  to 
be  moved  till  it  too  is  covered  by  the  plumb-line.  The  point  B  is 
tlieu  said  to  be  "  in  line  "  between  A  and  Z.  In  geometrical  lan- 
guage, B  has  now  been  placed  in  the  vertical  plane  determined  by 
the  vertical  plumh-lin  7  of  interme- 

diate points  can  thus  ine  between 

A  and  Z. 


(!8©)  Over  a  liil 
prevents  one  being  se 


)  points  and 
,  (the  upper 


0< 


•^■ 


^ 


of  which  shows  the  hill  in  '  Elevit    i  )  lower  part  m 

"Phm"),  two  observers,  E  and  C,  each  holding  a  rod,  may  place 
themselves  on  the  ridge,  in  tlie  line  between  the  two  points,  aa 
nearly  as  they  can  guess,  and  so  that  each  can  at  once  see  t!ie  other 
aad  the  point  beyond  him.     B  looks  to  Z,  and  by  signals  pnta  C 
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"  in  line."  C  then  looks  to  A,  and  puts  B  in  line  at  B'.  B  re- 
peats bis  operation  from  B',  putting  C  at  C,  and  is  then  himself 
moved  to  B'',  and  so  they  alternately  "  line"  each  other,  continn- 
nlly  approximating  to  tlie  straight  line  between  A  and  Z,  till  they 
at  last  finiZ  themselves  both  exactly  in  it,  at  B'"  and  C". 


(181)  A  single  person  may  put  himself  in  line  between  two 
points,  on  the  same  principie,  by  laying  a  straight  stick  on  some 
Bupporfc,  going  to  each  end  of  it  in  turn,  and  making  it  point  suc- 
cessively to  each  end  of  the  line.  Th.)  "  Surveyor's  Cross,"  Art. 
(104) ,  is  convenient  for  this  purpose,  when  set  up  between  the  two 
given  points,  and  moved  again  and  again,  until,  by  repeated  trials, 
one  of  its  sHta  sights  to  the  given  points  when  looked  t' 
either  direction. 


(SS3)  ©11  irater.  A  simple  instru- 
ment for  the  same  object,  is  represented 
in  the  figure.  AB  and  CD  are  two 
tubes,  about  1^  inches  m  diimeter,  con 
nected  by  a  smaller  tube  EF  A  piece 
of  looking-glass,  GH,  is  placed  m  the 
lower  part  of  the  tube  AB,  and  inoiher 
KL,  in  the  tube  CD.  The  plines  of  -. 
the  two  mirrors  are  at  light  ingles 
each  other.  The  aye  is  placed  at  A,  and 
the  tube  AB  is  directed  to  inv  distant 
object,  as  X,  and  any  other  object  be 
hind  the  observer,  as  Z,will  be  seen,  ap  « 

parently  under  the  first  object  in  the  mirror  GH,  by  reflection  from 
the  mirror  KL,  when  the  observer  has  succeeded  in  getting  in  line 
between  the  two  objects.  M,  N,  are  screws  by  which  the  mirror 
KL  may  be  adjusted.  The  distance  between  the  two  tubes  wii] 
causa  a  small  parallax,  which  will,  howOTer,  be  insensible  except 
whec  the  two  objects  are  near  together. 
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(183)  Tferoiigli  a  wmA.     VHicn  a  wood  intervenes  betiveer. 
any  two  given  Fig.  1I9. 

points,  pre- 
venting one 
from 

seen  from  the 

otlier,  as  in  the  figure,  in  ivliich  A  and  Z  are  the  ^ven  points,  yiro- 
ceed  thus.  Hold  a  rod  at  some  point  E'  as  nearly  in  the  deabeiJ 
line  from  A  aa  can  be  guessed  at,  and  as  far  from  A  as  possible. 
To  approximate  to  the  proper  direction,  an  assistant  may  he  sent  to 
the  other  end  of  the  line,  and  his  shouts  will  indicate  the  direction ; 
or  a  gun  may  be  fired  there ;  or,  if  very  distant,  a  rocket  may  be 
sent  up  after  dark.  Then  range  out  the  "  random  line  "  AE',  by 
the  method  given  in  Art.  (169),  noting  also  the  distance  from  A 
to  each  point  found,  till  you  arrive  at  a  pomi  Z',  opposite  to  the 
point  Z,  i.  e.  at  that  point  of  the  lino  from  v»-hich  a  perpendicular 
there  erected  would  strike  the  point  Z.  Measure  Z'Z.  Then 
move  each  of  the  stakes,  perpendicularly  from  the  line  AZ',  a  dis- 
tance proportional  to  their  distances  from  A.  Thus,  if  AZ'  ho 
1000  luiks,  and  Z'Z  be  10  links,  then  a  stake  B',  200  links  from 
A,  should  he-moved  2  links  to  a  point  B,  which  will  be  in  the  de- 
sired strMght  line  AZ ;  if  C  be  400  links  from  A,  it  should  ba 
moved  4  links  to  C,  and  so  with  the  rest.  The  Ime  should  then 
be  cleared,  and  the  accuracy  of  the  position,  of  these  stakes  tested 
by  ranging  from  A  to  Z, 

(184)  To  ftu  iJiTisiblc  iatcrsectifin.    Let  AB  mid  CD  be  two 

lines,  which,  if  prolong-  ^'s-  laO' 

ed,  would   meet  in   a  ^r^ 

point  Z,  invisible  from 

either  of  them ;  and  let 

P  be  a  point,  from  which 

a  line  is  required  to  be 

set  out,  tending  to  this 

inrisihle      intersection.  ( 

Set  stakes  at  the  five  given  points,  A,  B,  C,  I),  P.     Set  a  slitb 

stake  at  E,  in  tlie  alinements  of  AD  and  CP ;  and  a  seventh  stake 
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at  !P,  in  the  alinements  of  EC  and  AP.  Then  set  an  eighth  ati^o 
at  G,  in  the  alinementg  of  BE  anil  DF.  PGr  mil  be  the  required 
line. 

Othenvise ;  Through  P  range  out  a  parallel  to  the  Hne  BD. 
Note  the  pointg  where  thia  parallel  meets  AB  and  CD,  and  call 
these  points  Q  and  R.  Then  the  distance  from  E,  on  the  line  ED, 
to  a  point  which  shall  be  in  the  required  line  running  from  P  to  tLo 


mvisible  point,  lyill  be 


BBxQP 


II.    OBSTACLES  TO  MEASUREMENT. 

(185)  The  cases,  in  which  the  direct  measurement  of  a  line  ia 
prerented  by  various  obstacles,  may  be  reduced  to  three. 

A.  When  both  ends  of  the  line  are  aoeessihle. 

B.  When  one  end  of  it  is  inaeeessiMe. 
Q.   When  hoth  ends  of  it  are  inaccessible. 


A.  WMES  I59M  ESCS  W  1W.  IIiG  IKG   l^tC'^SiHLE. 


U" 


(!S6)  Ky  pcrpejidiculars.  On 
reaching  the  obstacle,  as  at  A  in 
the  figure,  set  off  a  perpendicular, 
AE ;  turn  a  second  nght  angle  at  B, 
and  measure  past  the  obstacle ;  turn  %  thud  light  an^Ie  at  C  and 
measure  to  the  original  line  at  D.  Then  mil  the  mei'iuied  dis- 
tance, EC,  he  equal  to  the  dedred  distance,  AD. 

If  the  du-eetion  of  the  line  is  also  unknown,  it  -mil  be  most  easily 
obtained  by  the  additional  perpendiculars  shoivn  in  Fig.  109,  of 
Art.  (171). 


(187)  15y  equilateral  triamglss. 
The  method  given  in  Art.  (172),  for 
determining  the  direction  of  a  line 
through  an  obstacle,  -will  also  give  its 
length ;  for  in  Fig.  121'  (Fig.  110  re- 
peated) the  desired  distance  ACtia  equal 
to  the  measured  distances  AD,  or  DG. 


I-ig.  121'. 
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(!88>  By  symmetrical  triangles. 

Let  AB  ho  the  distance  required. 

Measm-e  from  A  obliquely  to  some 

point  C,  past  the  obstacle.    Mear 

Biire  onward,  in  the  same  line,  till 

CD  is  as  long  as  AC.    Place  stakes 

at  C  and  D.     Prom  B  measure  to 

0,  and  from  C  measure  onward,  in 

the  same  line,  till  CE  ia  equal  to  CB,     Measure  EP,  and  it  will 

be  equal  to  AB,  the  distance  required.     If  more  convenient,  make 

CD  and  CE  equal,  respectively,  to  half  of  AC  and  CB ;  then  will 

AB  be  equal  to  twice  DE. 


(189)  By  tranSTCrsals.      Let 

AB  be  the  required  distance.  Set 
a  stake,  C,  in  the  line  prolonged ; 
set  another  stake,  D,  so  that  C  and 
B  can  he  seen  from  it ;  and  a  third 
stake,  E,  in  the  line  of  BD  pro- 
longed, and  at  a  distance  from  D 
equal  to  the  distance  from  D  to  B. 
Set  a  fourth  stake,  E,  at  the  intersection  of  EA  and  CD. 

iC,  AF  and  FE.     Then  is  AB  =  -^  (FE— AF"). 


(100)  lu  a  Town.  Cases  may  occur, 
m  tiie  streets  of  a  compactly  built  town, 
in  which  it  ia  impossible  to  measure  alon; 
any  other  lines  than  those  of  the  streets. 
The  figure  represents  such  a  case,  in 
.which  is  required  the  distance,  AB,  be- 
tween points  situated  on  two  streets  which 
meet  at  the  point  C,  and  between  which 
runs  a  cross^treet,  DE.  In  this  case 
measure  AC,  CE,  CD,  DE  and  CB. 
(Then   is  tbe   required   distance 
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=  J  i  (AC  —  BC)2  +  [de=  —  (CE  ~  CD)2]. 


AOxBC) 


CDxCEf 

As  tliis  expreasion  is  Bomewhat  complicated,  an  example  -will  ba 
;iven :  Let  AC  =  100,  CE  =  40,  CD  =  30,  DE  =  21,  and  CI! 
=  80;  thaiiivill  AB  =  51.T. 


B.     WIIiES  0^'E  E.W  OP  THE  LIIVE  IS  INACCESSIBLR. 

(E91)  By  perpendiculars.  This  principle  ^k-  laa. 
may  be  applied  iii  a  variety  of  -ways.  In  Fig. 
125,  let  AB  be  the  required  5iatance.  At  the 
point  A,  set  off  AC,  perpendicular  to  AE,  and  of 
any  convenient  length.  At  C,  set  off  a  perpen- 
dicular to  CB,  and  continue  it  to  a  point,  D,  in 
the  lino  of  A  and  B.     Measure  DA,     Then  is 


AB: 


AC2 


(192)   OtJierwise :  At  the  pomt  A,  in  Ilg.  Fig.  i2s 

126,  set  off  a  perpendiculai',  AC.     At  C  set 
off  another  perpendicular,  CD.     Knd  a  point,    j^'°Tf 
E,  in  the  line  of  AC,  and  BD.     Measure  AE  ^^m 

1  -^^n        mi  ■       AT.  AB  X   CD 

and  EC,     Then  is  AB  = 


CE 


If  EC  be  made  equal  to  AE,  and  D  he  set       / 
in  the  Ime  of  BE,  and  also  in  the  perpendicular    d 
from  C,  then  -wiU  CD  be  equal  to  AB. 

If  EC  =  v^  AE,  then  CD  =  ^  AB. 

(193)  Othenoise:  At  A,  in  Kg.  127,  mea- 
sure a  perpendicular,  AC,  to  the  line  AB  ;  and 
at  any  point,  as  D,  in  this  line,  set  off  a  perpen- 
dicular to  DB,  and  continue  it  to  a  point  E,  in 
the  line  of  CB.      Measure  DE  and  also  DA. 


Ihen  is  AB : 


_  AC  X  AD 
"DE  — AC' 
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(194)  By  parallels.  From  A  measure 
AO,  in  any  convenient  direction.  IVora  a 
point  D,  in  the  line  of  EC,  measure  a  line 
1  to  CA,  to  a  point  E,  in  the  line  of 
Measure  also  AE. 


alien  is  AB  = 


'dE  — AC' 


(895)  By  a  parallelogram.  Set  a  stabe,  C, 
in  the  line  of  A  and  E,  and  set  another  stake,  D, 
wherever  convenient.  With  a  distance  equal  to 
CD.  describe  from  A,  an  arc  on  the  ground ;  and, 
mth  a  distance  equal  to  AC,  describe  anotiier 
arc  from  D,  intersecting  the  first  arc  in  E.     Or,     i     /'p  -^ 

take  AO  and  CD,  so  that  together  i'key  make     j  / 

one  chain ;  fix  the  enda  of  the  chain  at  A  and  D ;  o '"' '  c 

take  hold  of  the  chain  at  such  a  link,  that  one  part  of  it  equals  AC, 
and  the  other  CD,  and  draw  it  tight  to  fix  the  point  E.  Set  a 
stake  at  F,  in  the  intersection  of  AE  and  DB.  Mea-sure  AF  and 
\C  X   ^F     ._    ^-r,      Afl  X  CD 


EF.     'J'lien  is  AB  = 


Er 


01  cr- 


(196)    By  symmetrkal    trfiii^lc^ 

Let  AE  be  the  requiied  distance  From 
A  measure  a  line,  in  any  c^nvement  it- 
reolaon,  as  AC,  and  meTsme  onwaid,  in  . 
the  same  direction,  till  CD  =  AC  Take 
nny  point  E  in  the  Ime  of  A  ■m.i  E 
Meaaui-e  from  E  to  C,  and  onward  in  the 
same  line,  till  CF  =  CE.  Then  find  hj 
trial  a  pomt  G,  which  shall  be  at  the 
same  time  in  the  line  of  C  and  B,  and  in  ' 
the  line  of  D  and  F.  Measure  the  distance  from  G-  to  D,  and  it 
will  bo  equal  to  the  required  distance  from  A  to  E.  If  more  con- 
venient, make  CD  =  I  AC,  and  CF  =:  J  CE,  as  shown  b/  the 
finely  dotted  lines  in  the  figure.     Then  will  DG  =  J  AB. 
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(197)  Otherwise :  Prdon^  EA  to 
Bome  point  C.  Range  out  any  eon- 
venieni  line  CA',  and  mea^uie  CA'  = 
OA.  The  triangle  CA  B,  is  now  to  b 
reproduced  in  a  Bymmetiical  tiia 
situated  on  the  accessible  giound  i 
For  this  object,  tttke,  on  AC ,  some  pomt 
D,  and  measure  CD'  =  CD  Fm  t  the 
point  E,  at  the  intersection  of  AD  ind  A  D  ImJ  the  point  F, 
at  the  intersection  of  A'B  and  CE.  Lastly,  find  the  point  B',  at 
the  intersection  of  AF  and  OA'.  Then  will  A'E'  =-  AB.  The 
symmetrical  points  have  corresponding  letters  affixed  to  them. 

(198)  By  traiiSTcrsals.     Set  a  state,  C,  r     i 

in  the  alinement  of  EA ;  a  second,  D,  at  any  __ 

convenient  point ;  a  third,  E,  in  the  line  CD ; 

and  a  fourth,  F,  at  the  intersection  of  the  __^ , 

fjiiicmcnts  of  DA  and  EB.     Measure  AC. 
CE,  ED,  DF  and  FA.     Then  is 
AO  X  AF  X  DB 


AB=: 


CE  X  DF  —  AF  X  DE 


If  the  point  E  be  talten  In  the  middle  of  CD,  (i 

-,    ,        ,  T>       AC  X  AF 
Lgurc)  then  AB  =_ --. 


If  the  point  F  be  taken  in  the  middle  of  AD,  then  AB  =  ■ 
The  minus  signs  must  be  intei-preted  as  in  Art.  (Hi 

(S99)  By  Iianiionic  division.      Set  f     i  ■> 

stakes,  C  and  D,  on  each  side  of  A,  ind 
BO  that  the  three  are  in  the  same  striiE^ht 
!ine.     Set  a  third  stake  at  any  pomt,  E,  _^s^s= 

of  the  line  AE.  Set  a  fourth,  F,  it  the 
intersection  of  CB  and  DE ;  and  a  fiiih, 
G,  at  the  intersection  of  DE  ind  CE 
Set  a  sixth  stake,  H,  at  the  intei-boction  ^ 

of  AE  and  FG.    Measure  AE  and  EH.    Then  is  AB  = 


/r 
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(200)  To  an  Inaccessible  line.  The  Fig.  i34.^ 
shortest  distance,  CD,  from  a  given  point,  ^ 
C,  to  an  inaccessible  straight  line  AB,  is 
required.  I'roin  C  let  fall  a  perpendicular 
to  AB,  by  the  method  of  Art.  (I5§). 
Then  set  a  stake  at  any  point,  E,  on  the  e1'  i  / 
line  AC;  set  a  second,  P,  at  tho  inter-  '\  1/ 
section  of  EB  and  CD ;  a  third,  G,  at  c 

tlie  incei-sectjon  of  AE  and  CB  ;  and  a  fourth,  H,  at  the  interaeo- 
tion  of  EG-  and  CD.     Measure  CH  and  IIP.     Then  is 
^„        CHxCE  p^      ^„   CH+HP  p^        CHxCF 

*^^  =  CH=HF  '  ■^^' *^^  =  ^^  ■  milHF    ^'■' *^°  =  2-0H=:CF 
OlJwicise ;    "When  the  inaccessible  line  is  determined  by  tlie 
method  of  Art.  (205)  or  (206),  the  distance  from  any  point  to  it, 
can  be  at  once  measured  to  its  symmetrical  representative. 

(201)  To  an  inaccessible  intersection.  When  two  lines  (aa 
AB,OD, inttiefigure)  meetina  li"  i3i 

liver,  a  bmlding,  or  any  other  ^^ 

Kiaocessible  pouifc,  the  distance 

from  any  point  of  either  to  their 

intersection,   DE,  for  example, 

may  be  found  thus.     From  any 

point  B,  on  one  line,  measure  ( 

BD,  Emd  continue  it,  till  DP  =  DB.     From  any  other  point,  G, 

of  the  former  line,  measure  GD,  and  continue  the  Ime  till  DII  =  GD. 

Continue  HF  to  meet  DO  in  some  point  K.     Measure  KD.     KD 

will  be  equal  to  the  desired  distance  DE. 

BE  can  be  found  by  measm-ing  PK,  ivhich  is  equal  to  it. 

If  DP  and  DH,  be  made  respectively  equal  to  one-half,  ot  one- 
third,  &c.,  of  DB  and  DG,  then  will  KD  and  KF  he  respectively 
equal  to  one-half  or  one-third,  kc,  of  DE  and  BE, 
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C.   WSJEiV  BOTaS  E'VD^  OF  THE  LIKE  ARE  IKMtES§3BF.E. 

(2(52)  By  similar  tilaasR  .  Let  AE  ^  Fii.:.  lac. 
Bo  the  inaccessible  distince  Set  a  btake  at  ""- 
any  coQvenieiit  point  C,  and  find  the  distan- 
ces CA  and  CB,  by  any  of  tlio  m^-thoda  just 
gjven.  Set  a  second  stake  it  any  point,  D, 
on  the  line  CA.  Measme  a  diat-inee,  ei^ual 
CB  X  CD  , 


to 


CA 
DE.    Then  is  AE 


from  C,  on  the  Ime  CE,  to  s. 
AC  X  DE 


a  point  E.     Measure 


CD 


CD  i 


If  more  convenient, 
contrary  direction  from  the  river,  as  in  Kg. 
1S7,  instead  of  towards  it,  and  in  other  re- 
,s  before. 


(203)  By  paraJlels.    Let  AE  be  the  in- 

accessihle  distance.  From  any  point,  as  C, 
range  out  a  parallel  to  AB,  as  in  Art.  (185),  ^^^a 
&e.  Find  the  distance  OA,  by  Art.  (191), 
&c.  Set  a  stake  at  the  point  E,  the  inter- 
section of  CA  and  DE,  and  measure  CE, 
CD  X  (AC— CK) 


Then  is  AB  = 


CE 


(30i)  By  a  itarallelo^ram.     Set 

%  stake  at  any  convenienii  point  C. 
Set  stakes  D  and  E,  anywhere  in 
the  alinementa  CA  and  CE.  "With 
D  aa  a  centre,  and  a  length  of  the 
chain  equal  to  CE,  describe  an  arc ; 
and  with  E  as  a  centre,  and  a  length  <■' 

of  the  chain  equal  to  CD,  describe  another  arc,  intersecting  the 
former  one  at  F.  A  parallelogram,  CDEF,  will  thus  be  formed. 
Set  stakes  at  G  and  H,  where  the  alinementa  BE  and  EA  inter- 
sect the  si.lea  of  this  parallelogram.     Measure  CD,  BE,  CF,  FH, 
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CD  X  DF  X  GH 


If  CD  =  CE,  then  AB  = 


(2(f5)  liy  ajiumetrka!  triaa^lcs.     Take  any  convenier-t  point, 
asC.     Set  stakes  at  t  vo  otJi  f"    n" 

points,  D  and  D',  in  th   s^me    V- 
liae,  and  at  equal   ^   t  n  es 
from  0.     Take  a  po   t  E  m    ^=  ^A 

theHneofAD;  inea&iuefom 

it  to  C,  and  onward  1 11  CE  \        r 

=  CE.    Take  a  point  F  ^  ^V'     ^ 

tlie  line  of  BD ;  meas  ire  f  o  n  \ 

It  to  0,  and  omyard  till  CP  =  '    ^/ j}--^\^ 

CF.     Range  out  the  lines  AC  /  y  ""^^^ 

and  E'D',  and  set  a  stake  at  //^  "^-^^ 

their  intersection,  A'     P  n^e  e  '~ — - — -  — ■ ^A 

out  the  lines  BO  an  1  P  D    a  i  set  a  stal  e  at  the      n  e  -seclion, 
B'.     Measure  A'B'      It  t\     be      1 1     lie  1      ed  1   taneeAB. 


(2(i6)   Otherzvise       T 
any  convenient  point 
and  set  off  ec[ual   li 
on  each  side  of  it 
liiieofCA,toDandD       et 
off  the  same  distances  f   m 
C,  in  the  line  of  CB,  oE 
E       Through  C,  set      t 
[■^ialIeltoDE,orDE 
Bet  stikeg  at  the  points  J" 
ind  P    i\here  this   parallel 
mte]>e(.ts    AE'    and    BD'. 


—A* 


Range  out  the  lines  AD'  and  EF',  and  set  a  stake  at  their  into?- 
section  A'  Range  out  the  lines  BE'  and  DF,  and  set  a  stake  at 
then  intersection  E'.  Measure  A'B',  and  it  -will  be  equal  to  the 
clesiicd  distance  AB. 
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The  easiest  method  of  setting  out  the  parallel  in  the  above  case, 
ia  to  fix  the  middle  of  the  diain  at  the  pomt  C,  and  its  ends  on  the 
lines  CD,  CE' ;  then  cariy  the  middle  of  the  chain  from  C  towards 
F,  and  mark  the  point  to  which  it  reaches ;  and  repeat  this  on  the 
other  side  of  C,  as  shown  hy  the  finely  dotted  lines  in  the  figure. 

INACCESSIBLE  AREAS. 
(207)  I'riaa^lcs.  In  the  case  of  a  triangular  field,  in  which 
one  side  cannot  be  measured,  or  determined  by  any  of  the  methods 
just  ^ven,  the  two  accessible  aides  may  be  prolonged  io  their  full 
length,  and  an  equal  symmetrical  triangle  formed,  all  of  whose  ades 
can  be  measured.  Thus  in  Kg.  102,  page  103,  if  ODE  be  the 
original  triangle,  of  wliich  the  aide  EC  is  iuaceesaible,  DFP  will  be 
cpal  to  it.     But  if  this  also  be  impossible,  por-  1 1- 1  p 

dons  of  the  sides  may  beineasured,asAD,AE,  B  \       /&' 
in  the  figure  in  the  margm,  and  also  DB,  and       ^  ^  ^ 
the  area  of  this  triangle  found  by  any  of  the 
methods  which  hare  been  given.     Then   is  the 
desired  area  of  tlie  triangle  ABC  =  area  of 

ADE  X  ^^5. 
AD  X  AE 


(20S)  Qiiadrilatcrsils.  In  tht.  coi-e 
of  a  four-sided  field,  whose  silts  cannct 
be  measured,  or  pralonged,  but  nho^e 
diagonals  can  be  measured  the  trea 
may  be  obtained  thus.  Measure  the 
diagonals  AC  and  'iiDj  and  tIbO  tlie 
portions  AE,  EC,  into  which  one  ol 
them  is  divided  by  the  other.  Calcu- 
late the  area  of  the  ti'iangle  ECE,by  the  preceding  method,  or  any 
of  those  heretofore  given.      Then  the  area  of  tlie  quadrilateral 


ABCD  =  areaofBCE  X 


AO  X  BD 
"  BE  X  CB' 


(209)  Polygons,  ilethods  for  obtajnmg  the  areas  of  inac- 
cessible fields  of  more  than  four  sides,  have  been  given  in  Arts. 
(101,)  &c. 
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oit 

By  the  Third  Method. 

CHAPTER  I. 

(iJIO)  Angular  Surveymg  deteruunea  tlie  relative  positiona  of 
points,  and  therefore  of  lines,  on  tlie  Third  peingplb,  as  ex- 
plained in  Art.  (T),  which  should  now  be  referred  to,, 

(2S1)  "When  the  two  lines  which  form  an  angle  lie  in  tho  same 
horizontal  or  level  plane,  the  angle  is  called  a  horizontal  angle." 

When  these  lines  lie  in  a  plane  pei'pendiciilar  to  the  former,  the 
angle  is  ctdled  a  verUaal  angle. 

When  one  of  the  lines  is  horizontal  and  the  other  line  from  the 
eje  of  the  ohserver  passes  above  the  former,  and  in  the  same  ver- 
tical plane,  the  angle  ia  called  an  angle  of  elevation. 

"When  tho  httei  Ime  j,asses  below  the  hoiizontal  bne,  ind  in  tho 
same  veiticil  piano,  the  angle  la  called  an  angle  of  depression 

\Yhen  the  two  Ime&iihich  foim  an  angle,  he  m  othei  jilanea 
which  make  ohliiue  an^leo  with  each  of  the  foim^r  plines,  tho 
angle  is  called  an  i  bltq  te  a  igle 

Horizontil  angJps  are  the  only  an^jlea  emj  I  \  p  1  ui  o  Dmmon  Hn  1 
Burvojm 

•  A  pla  J  lo  b    ?        0      I        II  t      pQ  al  e  e  e     f        oi 
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(212)  The  angles  between  the  directions  of  two  lines,  which  it 
is  necessary  to  measure,  may  be  obtained  by  a  great  vimety  of  in- 
struments. AU  of  them  are  Jn  puhstance  mere  modifications  of  the 
veiy  simple  one  which  will  now  be  described,  and  which  any  one 
can  make  for  himself. 


(213)  Provide  a  circulai-  piece  of 
wood,  and  divide  its  circumference 
(by  any  of  the  methods  of  Geometri- 
cal Rrafting)  into  three  hundred  and 
sixty  equal  parts,  or  "  Degrees,"  and 
number  them  as  in  the  figure.  The 
divisions  will  be  like  those  of  a  watch 
face,  but  sis  times  as  many.  These 
divisiona  are  termed  graduations. 
The  figure  shows  only  every  fifteenth 
one.  In  the  centre  of  the  circle, 
fix  a  needle,  or  sharp-pointed  wire,  and  upon  this  fix  a  straight 
stick,  or  thin  ruler  placed  edge-wise,  (called  an  alidade),  so  that 
it  may  turn  freely  on  this  point  and  nearly  touch  the  graduations 
of  the  circle.  I'astea  the  circle  on  a  stafF,  pointed  at  the  otiier  end, 
and  long  enough  to  bring  the  alidade  to  the  height  of  tlie  eyes. 
The  ii^trument  is  now  complete.  It  may  be  called  a  G-oniometer, 
or  Angle-n 


(214)  Now  let  it  be  required  to  measure  Fl^.  us. 

the  angle  between  the  lines  AB  and  AC.    Fix  J^ 

the  stoff  in  the  grcrand,  so  that  its  centre  shall  /  ~\^ 

be  exactly  over  the  intersection  of  the  two         -mx'         ^'''' 

lines.     Turn  the  alidade,  so  that  it  points,  (as   4^2^ '"^ 

determined  by  sighting  along  it)  to  a  rod,  or  W^ 
other  mai-k  at  B,  a  point  on  one  of  the  lines,  and  note  what  degree 
it  covers,  i.  e.  "  Tie  Reading,"  Then,  without  disturbing  the 
circle,  turn  the  alidade  till  it  points  to  C,  a  point  on  the  other  line- 
Note  tlie  new  reading.  The  difierence  of  these  readings,  (in  the 
figure,  45  degrees),  is  ilie  difference  in  the  directiora  of  the  two 
lines,  or  is  the  angle  wliich  one  makes  with  the  other.     If  the  dis 
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tance  from  A  to  C  be  now  measured,  the  point  0  is  "  determined," 
witli  respect  to  the  points  A  and  B,  on  the  Third  Principle.  Anj 
number  of  points  may  be  thus  determined. 

(215)  Instead  of  the  very  aimplo  and  rude  alidade,  which  has 
been  supposed  to  be  used,  needles  may  be  fixed  on  each  end  of  tlie 
alidade ;  or  sights  may  be  added,  such  aa  those  described  in  Art. 
(106)  ;  or  a  small  straight  tube  may  be  used,  one  end  being  covei^ 
ed  with  a  piece  of  pasteboard  in  which  a  very  small  eye  hole  ia 
pierced,  and  threads,  called  "  cross-hajrs,"  being  stretch-  ^-s  ^^'•■ 
ed  across  the  other  end  of  it,  as  in  the  figure  ;  so  that  Cl)  © 
tixejr  intersection  may  give  a  more  precise  lino  for  deteniiining  the 
direction  of  any  point. 

(216)  When  a  telescope  ia  substituted  for  this  tube,  and  sup- 
ported in  such  a  way  that  it  can  turn  over,  so  as  to  look  both  back- 
wards and  forwards,  the  instrument  (with  various  other  additions, 
which  however  do  not  affect  the  principle),  is  called  the  Engineer's 
Transit. 

"With  the  addition  of  a  level,  and  a  vertical  circle,  for  measuring 
vertical  angles,  the  instrument  becomes  a  Theodolite;  in  which, 
however,  tlie  telescope  does  not  usually  admit  of  being  turned  over, 

(213)  The  Oompaas  differs  from  the  instrumente  which  have 
been  described,  in  the  following  respect.  They  all  measure  the 
angle  which  one  line  makes  with  another.  The  compass  measures 
the  angle  which  each  of  these  lines  makes  with  a  third  line,  viz : 
that  shown  by  the  magnetic  needle,  which  always  points  (approxi- 
mately) in  the  same  direction,  i.  e.  North  and  South,  I'ig-  i^''- 
in  the  Magnetie  Meridian.  Thus,  in  the  figure,  t 
Ime  AB  makes  an  angle  of  30  degrees  with  the  line 
AN,  and  the  line  AC  makes  an  Higle  of  75  de- 
grees with  AN.  Tho  difference  of  these  aagl 
or  45  degrees,  is  the  angle  wliich  AO  mal 
with  AB,  agreeing  with  the  result  obtained  in 
Art  (214). 
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(218)  Siu-yej'iiig  with  the  compass  is,  therefore,  a  less  direct 
operation  than  surveying  with  tJie  Transit  or  Theodolite.  Eut  as 
the  use  of  the  compass  is  much  more  rapid  and  easy  (only  one  sight 
and  reading  at  each  station  being  necessary,  instead  of  two,  as  in 
the  former  ease),  for  this  I'eason,  ae  well  as  for  its  smaller  cost,  it 
is  the  instrviment  most  commonly  employed  in  land  surveying  in 
this  country,  in  spite  of  its  imperfections  and  inaccuracies. 

As  many  may  wish  to  learn  "  Surveying  with  the  Compass," 
without  being  ohHged  to  previously  ieam  "  Surveying  with  the 
Transit,"  (which  properly,  bemg  more  ample  in  principle,  though 
leas  so  in  practice,  should  precede  it,  but  which  will  be  considered 
in  Part  lY),  we  will  first  take  up  Compass  Surveyinq. 

(2!9)  Angular  Surveying  in  general,  and  therefore  Compass 
Surveying,  may  employ  either  of  the  Sd,  4th  and  5th  nriethods  of 
determiring  the  petition  of  a  point,  given  in  Part  I ;  that  is,  any 
instrument  which  measures  angles  may  be  employed  for  Polar, 
Triangular,  or  Trilinear  Surveying.  The  first  of  these.  Polar 
Surveying,  is  the  one  most  commonly  adopted  for  the  compass,  and 
is  therefore  the  one  which  will  be  specially  explained  in  this  part. 

The  same  method,  as  employed  with  the  Transit  and  Theodolite, 
will  be  explained  in  the  following  part. 

The  4th  and  5th  methods  will  be  explained  in  the  next  two  pans. 

(220)  The  method  of  Polar  Surveying  embraces  two  minor 
methods.  The  most  usfial  one  consists  in  going  around  the  field 
with  the  instrument,  setting  it  at  each  eoraer  and  measuring  there 
the  angle  which  each  side  msikes  with  its  neighbor,  as  well  iis  the 
length  of  each  side.  This  method  is  called  by  the  French  the  me- 
thod of  Cheminmnent.  It  has  no  special  name  in  English,  but  may 
be  called  (from  the  American  verb,  To  progress),  the  Method  of 
Progression,  The  other  system,  the  Method  of  Radiation,  con- 
eists  in  setting  the  instrument  at  one  point,  and  tlience  measuring 
the  direction  and  distance  of  each  comer  of  the  field,  or  other 
object.  The  corresponding  name  of  what  we  hare  called  Triangu- 
hx  ^'wwaymgis '^Q  Metlwd  of  Intersections ;  since  it  detenninos 
points  by  the  intersections  of  straight  lines. 
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CHAPTER  II. 

THE  COMPASS. 

(221)  Tlie  Mcedle.  The  most  essential  part  of  the  compass  is 
the  magnetic  needle.  It  is  a  slender  bar  of  steel',  usually  five  or 
Bix  inches  long,  strongly  magnetized,  and  balanced  on  a  piTOt,  bo 
that  it  may  turn  freely,  and  thus  be  enabled  to  continue  pointing 
in  the  same  direction  (that  of  the  "  MagTietia  Meridiem,"  approxi- 
mately North  and  South)  however  much  the  "  Compass  Box,"  to 
■wliieh  the  pivot  is  attached,  maj  be  turned  around, 

As  it  is  important  tl^at  the  needle  should  move  mth  the  least 
possible  friction,  the  pivot  should  be  of  the  hardest  steel  ground  to 
a  very  sharp  point ;  and  in  the  centre  of  the  needle,  which  is  to 
rest  on  the  pivot,  should  be  inserted  a  cap  of  agate,  or  other  hard 
material.  Iridium  for  the  pivot,  and  ruby  for  the  cap,  are  still 
better. 

If  the  needle  be  balanced  on  its  pivot  before  being  magnetized, 
one  end  will  sink,  or  "  Dip,"  after  the  needle  is  magnetiaed.  To 
bring  it  to  a  level,  several  coils  of  wire  are  woimd  around  the  nee- 
dle 80  that  they  can  be  slid  along  it,  to  adjust  the  weight  of  its  two 
ends  and  balance  it  more  perfectly. 

The  Korth  end  of  the  needle  is  usually  cut  into  a  more  orna- 
mental form  than  the  South  end,  for  the  sake  of  distinction. 

The  principal  requisites  of  a  compass  needle  are,  intensity  of  di- 
rective force  and  susceptibihty,  "Shear  steel"  was  found  by 
Capt.  Kater  to  be  the  kind  capable  of  receiving  the  greatest  mag- 
netic force.  The  best  form  is  that  of  a  rhomboid,  Fig.  I4a. 
or  lozenge,  cut  out  in  the  raiddle,  so  as  to  dimi- 
nish the  extent  of  surface  in  proportion  to  the 
mass,  as  it  is  the  latter  on  which  the  dii-ective  force  depends.  Be- 
yond a  certain  limit,  say  five  inches,  no  additional  power  is  gained 
by  increasing  the  length  of  the  needle.  On  the  contrary,  longer 
ones  are  apt  to  have  their  strength  diminished  hj  several  consecu- 
tive poles  being  formed.  Short  needles,  made  very  hard,  are 
therefore  to  bo  preferred. 
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The  needle  slioultl  not  coine  to  rest  very  quickly.  K  ib  does,  it 
indicates  either  that  it  is  weakly  maguetiaed,  or  that  the  friction  on 
the  pivot  is  great.  Its  sensitiveness  is  indicated  by  the  numher  of 
vibrations  which  it  makes  in  a  small  spa^e  before  coming  to  rest. 

A  screw,  ivith  a  milled  head,  on  the  under  eido  of  the  plate 
which  supports  the  pivot,  is  used  to  raise  the  needle  off  this  pivot, 
when  the  instrument  Ja  carried  about,  to  prevent  the  point  being 
dulled  by  unnecessary  friction. 

(222)  The  SigbtSt  Next  aftei  the  needle,  which  gnes  the  di 
lection  of  the  fixed  line,  wh^e  ingles  ^ith  the  Imes  t<>  be  survey- 
ed are  to  he  measured,  should  be  noticed  the  Si^^hts,  which  show 
the  directions  of  these  last  lines  At  each  ead  of  a  bne  passing 
through  the  pivot  is  placed  a  "  Sight,"  consiatnig  of  an  upiight  bar 
of  braaa,  with  openings  in  it  of  ■v  anous  forms ,  usu  illy  eithei  sbts, 
with  a  circular  aperture  at  then  top  and  bottom*,  oi  ol  the  foim 
described  in  Art.  (106) ;  all  these  imngements  being  mtended  to 
tiable  the  line  of  sight  to  be  diiected  to  iny  dcbncd  ol  ]fi  t,  luth 
precision. 

(223)  A  Telescope  which  can  move  up  and  dovi'n  in  a  vertical 
plane,  i.  e.  a  plunging  telescope,  or  one  which  can  turn  completely 
over,  is  sometimes  substituted  for  the  sights.  It  has  the  great 
advantage  of  giving  more  distinct  vision  at  long  distances,  and  of 
admitting  of  sights  up  and  down  very  steep  slopes.  Its  accuracy 
of  vision  is  however  rendered  nugatory  by  the  want  of  precision  in 
iiie  readings  of  the  needle.  If  a  telescope  be  applied  to  the  com- 
pass, a  graduated  circle  with  vernier  should  be  added,  thus  cen- 
verting  the  compass  into  a  "Transit."  The  Telescope  will  be 
found  minutely  described  in  Pai't  IV,  "  Transit  Surveying." 

(22-i)  Th8  divided  circle.  We  now  have  the  means  of  indi- 
catmg  the  directions  of  the  two  imes  whose  angle  is  to  be  measur- 
ed. The  number  of  degrees  contained  in  it  is  to  be  read  from  a 
circle,  divided  into  degrees,  in  the  centre  of  which  is  fixed  the 

"  All  inside  and  an  oalside  Tiew,  or  "  Elevation,"  of  snch  sigbts,  are  given  on 
each  side  of  the  figure  of  ibe  Compaan,  on  pnge  126.  It  is  iteell'  drawn  in  "  Mili 
Inry  Perspective. 
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pivot  bearing  the  needle.  The  graduations  are  usually  made  to 
half  a  degree,  and  a  quarter  of  a  degree  or  less  can  then  be  "  esti- 
mated," The  pivot  and  needle  are  sunk  in  a  circular  box,  ao  that 
its  top  may  be  on  a  level  with  the  needle.  The  graduations  are 
usually  made  on  the  top  of  the  sun-ounding  rim  of  the  box,  but 
should  also  be  continued  down  its  inside  circximference  so  that  it  may 
be  easier  to  see  with  ivhat  division  the  ends  of  the  needle  coincide, 

The  degrees  are  not  numbered  consecutively  fram  0°  aTOund  to 
360=' ;  but  nm  from  0°  to  90°,  both  ways  from  the  two  diametri- 
cally opposite  points  at  which  a  line,  passing  thi-ough  the  slits  in  th6 
middle  of  the  sights,  would  meet  the  divided  circle. 

The  lettermg  of  the  Surveyor's  Compass  has  one  important  dif 
ference  fi'om  that  of  the  Mariner's  Compass. 

When  we  stand  facing  the  North,  the  East  is  on  onr  right  hand, 
and  the  West  on  our  left.  The  graduated  card  of  the  Maimer's 
Compass  which  is  fastened  to  the  needle,  and  turns  with  it,  is 
marked  accordingly.  But,  in  the  Surveyor's  compass,  one  of  the 
0  points  being  marked  N,  or  North,  (or  indicated  by  a  fleur-de- 
lis,)  and  the  opposite  one  S,  or  South,  the  90-degrees-poinfc  on  tlie 
right  of  this  line,  as  you  stand  at  the  S  end  and  look  towards  the 
N,  is  marked  W,  or  West ;  and  the  left  hand  90-degrees-point  is 
marked  E,  or  East.  The  reason  of  this  will  be  seen  when  llie 
method  of  using  the  compass  comes  to  be  explamed  in  the  following 


(225)  TliC  Points.  In  or- 
3inary  land  surveying,  only  four 
points  of  the  compass  have 
names,  viz :  North,  South,  East 
and  West ;  the  direction  of  a 
line  bemg  described  by  the  an- 
gle which  it  makes  with  a  North 
and  South  Ime,  to  its  East  or  to 
its  West.  But  for  nautical  pui^ 
poses,  the  circle  of  the  compass 
ia  divided  into  32  points,  the 
names  of  which  are  shown  in 
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lie  figai'C.  Two  rules  embrace  all  the  cases.  1"^  Whoa  the 
iettcra  inclicfitiiig  Wo  points  are  joined  together,  the  point  half  way 
between  the  two  is  meant ;  thus,  N.  E.  ia  half  way  between  North 
and  East ;  and  N.  N.  E.  is  half  way  between  North  and  North 
East,  2°  When  the  letters  of  two  points  are  joined  together 
nith  the  intermediate  word  by,  it  indicates  the  point  wliich  comes 
next  after  the  first,  in  going  towarfla  the  second ;  thus,  N,  by  E,  is 
tlie  point  which  follows  North  in  going  towards  the  East ;  S.  E.  ii; 
S.  is  the  next  point  from  South  East,  going  towards  the  South. 


(226)  Eccentricity.  The  centre-pm,  or  pivot  of  the  needle, 
ought  to  be  exactly  in  the  centre  of  the  graduated  circle ;  the  nee- 
dle ought  to  be  strMght ;  and  the  line  of  the  sights  ought  to  pass 
exactly  through  this  centre  and  through  the  0  points  of  the  circle. 
If  this  is  not  the  case,  there  will  be  an  error  in  every  observation. 
This  is  called  the  error  of  eccmfaicity. 

When  the  maker  of  a  compass  is  about  to  fix  the  pivot  m  place, 
he  is  in  doubt  of  two  things ;  whether  the  needle  is  perfectly  straight, 
and  whether  the  pivot  is  exactly  in  the  c 
tre.  In  figures  151  and  152,  both  of  these 
are  represented  as  being  excessively  '■ 
error. 

Mrstiy,  to  examine  if  the   needle  I 
straight.     Fix  the  pivot  temporarily,  ; 
that  the  ends  of  the  needle  may  cut  oppo- 
site degrees,  i.  e.  degrees   differing 
1803.     file  condition  of  things  at  this 
stage  of  progress,  will  h 
Fig.  151.     Then  turn  the  c 
halfway  around.     The  error  will  now  b 
doubled,  as  isshown  by  Fig.  152,  jn  which  / 
tlie  former  position  of  the  needle  is  indi- 
satei  by  a  dotted  Ime.*    Now  bend  the  ^ 
needle,  as  m  Fig.  153,  till  it  cuts  divi- 
aioas  midway  between  those  cut  by  it  in 
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its  present  and  in  its  former  position 
This  makes  it  certain  that  the  needle  is 
etraiglit,  or  tliat  its  two  ends  and  its  cen- 
ta-e  lie  in  the  same  straight  line, 

JSeeoitdli/,  to  put  the  pivot  in  the  e 
tro.  Move  it  till  the  straightened  needle  { 
cuts  opposite  divisions.  It  is  then  certain 
that  the  direction  of  the  needle  passes 
through  the  centre.  Turn  the  compass 
box  one-quarter  aroxuid,  and  if  the  needle  does  not  then  cut  oppo- 
site divisions,  move  the  pivot  till  it  does.  Repeat  the  operation  in 
various  positions  of  the  box.  It  ■will  be  a  sufficient  test  if  it  cuta 
the  opposite  divisions  of  0°,  45°  and  90°. 

To  fix  the  sights  precisely  in  line,  draw  a  hair  through  tlieir  slits 
and  move  them  till  the  hair  passes  over  the  0  points  on  tlie  circle. 

The  surveyor  can  also  examine  for  himself,  bj  the  principle  of 
Revei^ion,  whether  the  hne  of  the  sights  passes  through  the  centre 
or  not.  Sight  to  any  very  near  object.  Eead  off  the  number  of 
degrees  indicated  by  one  end  of  the  needle.  Then  turn  the  com- 
pass half  aroimd,  and  sight  to  the  same  object.  If  the  two  read- 
ings do  not  agree,  there  is  an  error  of  eccentricity,  and  the  arith- 
mean,  or  half  siun  of  the  two  readings  is  the  correct  one. 

FiK-  15'1-  Fi^.  155. 


In  Kg.  154,  the  line  of  sight  AJJ  is  ropreacntod  as  passing  to 
one  side  of  the  centre,  and  the  needle  as  pointing  to  46°,  In  Fig. 
155,  the  fompass  is  supposed  to  have  been  turned  half  around  and 
the  other  end  of  the  sights  to  he  directed  to  the  same  object. 
Suppose  that  the  needle  would  have  pointed  to  45°,  if  the  hne  of 
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Biglit  liarl  passed  througli  tlie  eciiti'e.  The  needle  -will  now  point 
to  44=^,  the  error  being  doubled  by  the  re?eraion,  and  the  trua 
reading  being  the  mean. 

Tbia  does  not,  however,  mate  it  certain  tJiat  the  line  of  the 
sights  passes  through  tlie  0  points,  -which  can  only  be  tested  by  the 
hair,  as  mentioned  above, 

(22?)  LevcISi  On  the  compass  plate  are  two  small  spirit  levela. 
They  eon^st  of  glass  ttibes,  slightly  cnrved  upwards,  and  nearly 
filled  Tiith  alcohol,  leaving  a  bubble  of  air  vrithin  them.  They 
are  so  adjusted  that  when  the  bubbles  are  in  the  centres  of  the 
tubes,  the  plate  of  the  compass  shall  be  level.  One  of  them  lies  ia 
the  direction  of  the  sights,  and  the  ether  at  right  angles  to  this 
direction. 

(?28)  Tangent  Scale.  This  is  a  convenient,  tliough  not  essen- 
tial, addition  to  the  compass,  for  the  purpose  of  measuring  the 
slopes  of  ground,  so  that  the  proper  allowance  in  chaining  may  be 
made.  In  the  figure  of  the  compass,  page  126,  may  be  seen,  on 
the  edge  of  tho  left  hand  sight,  a  small  projection  of  brass  with  a 
hole  tlirough  it.  On  the  edge  of  the  other  sight  are  engraved 
lines  numbered  from  0°  to  20°,  the  0°  being  of  the  same  height 
above  the  compass  plate  that  the  eye-hole  is.  To  uso  this,  set  tho 
compass  at  the  bottom  of  a  slope,  and  at  the  top  set  a  signal  of 
the  height  of  the  eye-hole  from  the  ground.  Level  the 
very  carefully,  particularly  by  the  level  which  lies  length- 
wise, and,  ivith  the  eye  at  the  eye-hole,  look  to  the  signal  and  note 
the  number  of  the  division  on  the  farther  sight  which  is  cut  by  the 
visual  ray.  That  will  be  the  angle  of  the  slope ;  the  distances  of 
the  en  graved,  lines  from  the  0°  line  being  tangents  (for  the  radius 
*qual  to  the  distance  between  tho  sights)  of  the  angles  correspond- 
ing to  the  numbers  of  the  Ihies. 

(229)  Vernier.  The  compass  box  is  connected  with  the  plate, 
wliich  carries  it  and  the  sights,  so  that  it  can  turn  around  on  thia 
t^ate.  This  motion  is  given  to  it  by  a  screw,  (called  a  slow-mo- 
tion, Of  Tangent  screw),  the  head  of  which  is  the  nearest  one  in 
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tlio  figure  on  page  126.  If  two  marks  be  made  opposite  to  each 
other,  one  on  the  projecting  part  of  the  compass  box,  and  the  other 
on  tlie  plate  to  which  the  sighte  ai-e  fastened,  these  marka  will  sepa- 
rate when  the  slow-motion  screw  is  turned.  Their  distance  apart 
(in  angular  measurement,  i.  e.  fractions  of  a  circle),  in  any  posi- 
UoQ,  13  measured  by  a  contrivance  called  a  Vernier,  which  is  tlie 
minutely  divided  arc  of  a  circle  seen  between  the  lefl  hand  sight 
and  tlie  compass  box.  It  will  be  better  to  defer  explaining  the 
mode  of  reading  the  vernier  for  the  present,  ^nee  it  ia  rarely  used 
with  the  compass,  and  an  entire  chapter  will  be  ^ven  to  it  in  Part 
rV.  Its  pi-inciple  is  similar  to  tliat  of  the  Vernier  Scale,  described 
in  Art.  (50).  Its  applications  in  "  Field-work "  will  be  noticed 
under  that  head. 


(236)  Tripod.  The  compass,  like  most  surveying  instruments, 
is  visually  supported  on  a  Tripod,  consisting  of  three  legs,  shod  with 
iron,  and  so  connected  at  top  as  to  be  movable  in  any  direction. 
There  are  many  forms 
of  these.  Lightness 
aad  stiShess  are  the 
qualities  desired.  The 
most  usual  form  is 
shewn  in  the  figm-es 
of  the  Transit  and  the 
TheodoKte_,  at  the  be- 
^ning  of  Part  IV. 
Of  the  two  represent- 
ed in  Pigs.  156  and 
157,  the  first  has  the 
advantage  of  being  ve- 
ry easily  and  cheaply 
made  ;  and  the  second 
that  of  being  light  and 
yet  capable  of  vei-y  firmly  resisting  horizontal  torsion. 

The  joints,  by  which  the  instrument  is  connected  with  the  tripod, 
are  also  various,  Kg.  158  is  the  "  Ball-and-socliet  joint,"  most 
usual  in  this  country.     It  takes  its  name  from  the  hall,  in  wliieli 
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teim  nates  tl  e  eo  ei  I  ^j  ii  1  Ii  h  enters  a  corresponding  cavit}' 
under  tlio  ttmpass  piate,  and  the  socket  in  which  thia  ball  tunis. 
It  limits  of  motion  in  any  direction,  and  can  be  tightened  or  Iogs- 
t,nel  by  tuinmg  the  upper  half  of  the  hollow  piece  enclosing  it, 
which  ia  screwed  on  the  lower  half,  Kg.  159  is  called  the  "  Shell- 
joint."  In  it  the  two  shell-shaped  pieces  enclosing  the  ball  ars 
tightened  by  a  thumb-screw.  Fig.  160,  is  "  Cugnot's  joint."  It 
consists  of  two  cylinders,  placed  at  nght  angles  to  each  other,  and 
through  the  axes  of  which  pass  bolts,  which  turn  freely  in  the  cylin- 
der and  can  be  lightened  or  loosened  by  thumb-screws  at  their 
ends.  The  combinationof  the  two  motions  which  this  joint  permits, 
enables  the  instrument  which  it  carries,  to  be  placed  in  any  desired 
position.     This  joint  is  much  the  most  stable  of  the  three. 

(231)  Jacob's  Staff.  A  single  leg,  called  a  "Jacob's  Staff," 
has  some  advantages,  as  it  is  lighter  to  carry  in  the  field,  and  can 
be  made  of  any  wood  on  the  spot  where  it  is  to  be  used,  thus  sav 
ing  the  expense  of  a  tripod  and  the  trouble  of  its  transportatloii 
Its  upper  end  is  fitted  into  the  lower  end  of  a  brass  head  which  has 
a  ball  and  socket  joint,  and  axis  above.  Its  lower  end  should  be 
shod  with  iron,  and  a  spike  running  through  it  ia  useful  for  pressing 
it  into  the  ground  with  the  foot.  Of  course  it  cannot  be  conven 
iently  used  on  frozen  ground,  or  on  pavements.  It  may,  however, 
be  set  before  or  behind  the  spot  at  which  the  angle  is  to  be  mea 
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Burecl,  provided  tliat  it  is  plac 
tion  from  tliat  station  to  the  o 


I  very  precisely  in  the  line  of  direi 
B  to  ivhich  a  sight  is  to  be  t^Jien. 


(232)  The  Prismatic  Compass.  Tlie  peculiarity  of  this  instru- 
ment (often  called  Scbnalcalder's)  is  that  a  glass  triangular  priam 
is  substituted  for  one  of  the  sights.  Such  a  prism  has  this  peculiar 
property  that  at  the  same  time,  it  can  be  seen  through,  so  that  a 
Bight  can  be  talcen  tlirough  it,  and  that  its  upper  surface  reflects 
like  a  mirror,  so  that  the  numbers  of  the  degrees  immediately  under 
it,  can  be  read  off  at  the  same  time  tJiat  a  sight  to  any  object  is 
taten.  Another  peculiarity,  necessary  for  profiting  by  the  last 
one,  is,  that  die  divided  circle  is  not  fixed,  but  is  a  card  fastened 
to  the  needle  and  moving  around  with  it,  as  in  the  Mariner's  Com- 
pass. The  minute  description,  which  follows,  is  condensed  from 
Bimms. 

In  the  figure,  A  repre- 
sents the  compass  box,  ajid 
B  the  card,  -which,  being 
attached  to  the  magnetic 
needle,  moves  as  it  moves, 
around  the  i^ate  centie 
«,  on  TV  111  h  it  IS  suspend 
ed  The  cucumference 
of  the  cird  is  usuilly  di 
vided  to  I  01  -^  of  a  ie 
gree  C  is  a  pii'sm  which 
the  obaen  er  looks  through 
The  peipi'ndicvilar  thiead 
of  the  =!ightvaiie  E  anl 
the  dmsjons  en  the  c aid  aipeai  t- g  tJi  )  on  luolmgthi  u^h  the 
prism,  and  the  division  with  vihich  the  thieid  coincides  when  the 
needle  it.  ^t  rest  it.  the  Eeaim,  of  whate^ei  object  tlio  thie  id 
may  bisect  i  e  id  the  ingle  -nhich  the  bne  of  ^y^ht  miles  with  the 
direction  of  the  needle  The  piism  is  mounted  with  a  hinge  jomD, 
D.  The  sight-vane  has  a  fine  thread  stretched  along  its  opening, 
in  the  direction  of  its  length,  which  is  brought  to  bisect  any  object, 
by  turning  the  box  around  horizonially.     F  is  a  mirror,  made  to 
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slide  on  or  off  the  sight-vane,  E ;  and  it  may  he  reve  el  at  1 1  it 
Bure,  that  is,  turned  fiice  downwards  ;  it  can  also  be  nehnel  at 
any  angle,  by  means  of  lis  joint,  d ;  and  it  will  remnu  st  t  on  y 
on  any  part  of  the  vane,  by  the  friction  of  its  slides.  It  ae  is  ti> 
refleirt  the  image  of  an  object  to  the  eye  of  an  obsei  er  he  fcl  e 
object  is  much  above  or  below  the  horizontal  plane.  Tl  e  cob  ed 
glaesea  represented  at  Gf,  are  intended  for  observing  tl  e  At 

e,  is  shown  a  spring,  which  being  preased  by  the  finge  at  tl  e  t  ne 
of  obserTatnon,  and  then  released,  checks  the  vibrations  oi  the  ca  1 
and  brings  it  more  speedily  to  rest.  A  stop  ia  likewise  fixed  to 
the  other  side  of  the  box,  by  which  the  needle  may  be  thrown  o!t 
its  centre. 

The  method  of  using  this  instrument  is  very  simple.  First  raise 
the  prism  in  its  socket,  5,  until  you  obtain  a  distinct  view  of  the 
divisions  on  the  card.  Then,  stamJing  over  tlie  point  where  the 
angles  are  to  be  taken,  hold  the  instrument  to  the  e;  e,  an  1,  looking 
through  the  slit,  0,  turn  around  tiU  the  tbietd  m  the  si^ht  vane 
bisects  one  of  the  objects  whose  bearing  is  requiied  ,  then  by  touch- 
mg  the  spring,  e,  bring  the  needle  to  lest,  and  the  dniaion  on  the 
card  which  coincides  with  the  thread  on  the  i  ^ne,  will  be  the  bear- 
ing of  tbe  object  from  the  north  or  south  points  cf  the  magnetic 
meridian.  Then  turn  to  any  other  object,  and  lepeat  the  opeia 
tion  ;  the  difference  between  the  beaimg  of  this  object  and  that  of 
the  former,  will  be  the  angular  distance  of  the  objects  in  question. 
Thus,  suppose  the  former  bearing  to  be  40^  SO',  and  the  latter 
10°  15',  both  east,  or  both  west.  Fig-  'sa. 

from  the  no-Ui  or  south,  the  angle 
will  be  30'='  16'.  The  divisions  are 
generally  numbered  6"^,  10",  15*^, 
&c.  around  the  circle  to  360*^. 

The  figures  on  the  compass  card 
are  leversed,  or  written  upside 
doivn,  as  in  the  figure  (in  which 
only  every  fifteenth  degree  is  mark- 
ed), because  they  are  again  re- 
versed by  the  prism. 
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(233)  'Jlie  prismatic  compass  is  generally  held  in  the  hand,  tlie 
bearing  being  caught,  as  it  were,  in  passing ;  but  more  accurate 
readings  would  of  course  be  obtained  if  it  rested  on  a  support,  such 
as  a  stake  cut  fiat  on  its  top. 

In  the  former  mode,  the  needle  never  comes  completely  to  rest, 
particularly  in  the  wind.  In  such  cases,  observe  the  extreme  di- 
risions  between  which  the  needle  vibrates,  and  take  their  arith- 
metical mean. 


(231)  Def)!cts  of  coiispasS"  The  compass  is  deficient  m  both 
precision  and  correctness.' 

The  former  defect  arises  from  tlie  indefiniteness  of  its  mode  of 
indicating  the  pai-t  of  tie  circle  to  which  it  points.  The  point  of 
the  needle  has  considerable  thielmess ;  it  cannot  quite  touch  the 
divided  circle ;  and  these  divisions  are  made  only  to  whole  op  half 
degrees,  though  a  fraction  of  a  division  may  be  estimated,  or  guessed 
at.  The  Vernier  does  not  much  better  this,  as  we  shall  see  when 
explaimng  its  use.  Now  an  inaccuracy  of  one  quarter  of  a  degree 
in  an  angle,  i.  e.  in  the  difference  of  the  directions  of  two  lines, 
causes  them  io  separate  from  each  other  5^  inches  at  the  end  of 
100  feet ;  at  the  end  of  1000  feet  nearly  4^  feet ;  and  at  the  end 
of  a  mile,  23  feet.  A  difference  of  only  one-tenth  of  a  degree,  or 
six  minutes,  would  produce  a  difference  of  1|  feet  at  tlie  end  of 
1000  feet ;  and  9^  feet  at  the  distance  of  a  mile.  Such  are  the 
differences  which  may  result  from  the  want  of  precision  in  the  in- 
dications of  the  compass. 

But  a  more  serious  defect  is  the  want  of  correctness  in  the  com- 
pass. Its  not  pointmg  exactly  to  the  true  north  does  not  indeed 
affect  tlie  coiTectness  of  the  angles  measured  by  it.  But  it  does  not 
point  in  the  same  or  in  a  parallel  direction,  during  even  the  same 
day,  but  changes  its  direction  between  sumnse  and  noon  nearly  a 
ijuai'ter  of  a  degree,  as  will  be  fuUy  explained  in  Chapter  VIII. 
The  effect  of  such  a  difference  we  have  just  seen.     This  direction 

*  The  student  mnet  not  confound  tlieae  Iwq  qualities.  Tu  say  that  lue  sun  a[i- 
pears  to  rise  in  the  eaatevn  quarter  of  the  heaveOB  and  tu  aet  in  the  western,  is 
tamct,  but  not  pticUe.     A  watch  with  a  Becond  hand  indicates  the  time  of  day 

rvjiseig,  but  not  always  crrrrently.     The  erntement  that  two  ami  two  make  fiv^ 
precise,  but  is  not  usually  regarded  as  torrect. 
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may  also  be  greatly  altered  in  a  moment,  without  tho  knowledge 
of  the  surveyor,  by  a  piece  of  iron  being  brought  neai-  to  the  com 
pass,  or  by  some  other  local  attraction,  as  will  he  noticed  hereafter. 
This  is  tho  weak  point  in  the  compass. 

Notwithstanding  these  defects,  the  compass  is  a  very  valuable 
instrument,  from  its  simplicity,  rapidity  and  convenience  in  use ; 
and  though  never  precise,  and  seldom  correct,  it  is  generally  not 
very  wrong. 


CHAPTER  III. 


TME  FIELD  WOKK. 


(235)  Taking  Bearings.  The  "  Bearing"  of  a  line  ia  tho  an- 
gle which  it  makes  with  the  direction  of  tho  needle.  Thus,  in  Kg. 
14T,  page  124,  the  angle  NAB  is  the  Bearing  of  the  line  AB,  and 
NAC  is  the  Bearing  of  AC.  The  Bearing  and  length  of  a  line  are 
named  coUectively  the  Course. 

To  take  the  Bearing  of  any  Ime,  set  the  compass  exactly  over 
any  point  of  it  by  a  plumb-hne  suspended  from  beneath  the  cen- 
tre of  the  compass,  or,  approximately,  by  dropping  a  stone.  Levei 
the  compass  by  bringir.^  the  air  bubbles  to  the  middle  of  tho  level 
tubes.  Dh-ect  the  sights  to  a  rod  held  truly  vertical,  or  "  plumb," 
at  another  point  of  the  line,  the  more  dbtanfc  the  better.  The  two 
ends  are  usually  taJcen.  Sight  to  the  lowest  visible  point  of  the 
rod.  When  the  needle  comes  to  rest,  note  what  division  on  the 
circle  it  points  to ;  taking  the  one  indicated  by  the  North  end  of 
the  needle,  if  the  North  point  on  the  circle  is  farthest  from  you, 
mid  vice  versa. 

In  reading  the  division  to  wVich  one  end  of  the  needle  points, 
the  eye  should  be  placed  over  the  other  end,  to  avoid  the  erro? 
which  might  result  from  the  "  parallax,"  or  apparent  change  of 
[ilace,  of  the  end  road  from,  when  looked  at  obliiiucly- 
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I!ie  bearing  is  read  and  recorded  by  noting  betsveeii  wbat  letters 
the  end  of  the  needle  comes,  aud  to  what  number ;  naming,  or 
writing  down,  firstly,  that  letter,  N  or  S,  which  ia  at  the  0^  point 
nearest  to  that  end  of  the  needle  from  which  you  are  reading ; 
»econdly,  the  number  of  degrees  to  which  it  points,  and  thirdly, 
the  letter,  E  or  W,  of  the  90'-'  point  which  ia  nearest  to  the  same 
end  of  the  needle.  Thus,  in  the  figure,  if  when  the  agl 
directed  along  a  hne,  (the  North 
point  of  the  compass  being  moat 
distant  from  the  observer),  the 
North  end  of  the  needle  was  at  the 
point  A,  the  bearing  of  the  line 
sighted  on,  would  be  Korth  45° 
East ;  if  the  end  of  the  needle  was 
at  B,  the  bearing  would  be  Mast ;  if 
ate,  S.  SfloE;  if  at  D,  ^S'oidA;  if 
at  E,  S.  60-=  "VV ;  if  at  F,  West ;  if 
at  G,  N.  60°  W ;  if  at  H,  North. 

(236)  We  can  now  understand  why  W  is  en  the  right  hand  ot 
the  compass-box,  and  E  on  tJie  left.  Let  the  direction  from  the 
centre  of  the  compass  to  the  point  ^'S-  ^'^^■ 

B  in  the  figure,  be  requh'ed,  and 
suppose  the  sights  in  the  first  place 
to  be  pointing  in  the  direction  of  the 
needle,  S  N,  and  the  North  sight 
to  be  ahead.  When  the  sights  (and  ' 
the  circle  to  which  they  are  fasten- 
ed) have  been  turned  so  as  to  point 
in  the  direction  of  B,  the  point  o 
tlie  circle  mai-ked  E,  will  have  come  round  to  tlie  North  end  of  the 
needle,  (stwce  the  needle  remains  immovc^le,')  and  the  reading  will 
therefore  be  "  East,"  as  it  should  be.  The  effect  on  the  reading 
is  the  same  aa  if  the  needle  had  moved  to  the  left  the  same  quantity 
which  the  sights  have  moved  to  the  right,  and  tlie  left  side  ia  there- 
fore properly  marked  "  East,"  and  vice  versa.  So,  too,  if  the 
tearing  of  the  line  to  C  be  desired,  half-way  between  North  and 
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East,  i.  e.  N.  45°  E, ;  ■  wheii  the  sights  and  tlie  cu'cle  have 
turned  45  degrees  to  the  right,  the  needle,  really  standing  still, 
has  apparently  arrived  at  the  point  half-way  between  N.  and  E., 
i.  e.  N.  450  E. 

Some  surveyors'  compasses  are  inai'ked  the  reverse  of  fcliia,  the 
E  on  the  right  and  the  W  en  the  left.  These  letters  must  then  he 
reversed  in  the  mind  hefore  the  bearing  is  noted  down. 

(237)  Reading  with  Vernier,  When  the  needle  does  not  point 
precisely  to  one  of  the  division  marts  on  the  circle,  the  fractional 
part  of  the  smallest  space  is  usually  estimated  hy  the  cyo,  as  has 
been  explained.  But  this  fractional  part  may  be  measured  by  the 
Yernier,  described  in  Art,  (229),  as  follo^^.  Suppose  the  needle 
to  point  between  N.  31°  E.  and  N.  31i°  E.  Turn  the  tangent 
screw,  which  moves  the  compass-hos,  till  the  smaller  division  (in 
this  case  31°)  has  come  round  to  the  needle.  The  Vernier  will 
then  indicate  through  what  space  the  compass-box  has  moved,  and 
therefore  how  much  must  be  added  to  the  reading  of  the  needle. 
Suppose  it  indicates  10  minutes  of  a  degree.  Then  the  bearing  is 
N.  31°  10'  E.  It  is,  however,  so  difficult  to  move  the  Vernier 
mthout  disturbing  tlie  whole  insti'ument,  that  this  is  seldom  resorted 
to  in  practice.  The  chief  use  of  the  Vernier  is  to  set  the  instru- 
ment for  rnnnuig  lines  and  mating  an  allowance  for  the  variation 
of  the  needle,  as  ^tH  be  explained  in  the  proper  pla^e.     A  Vemier- 

A  Vernier  arc  is  sometimes  attached  to  one  end  of  the  needle 
and  carried  around  by  it. 

(2S8)  Practical  Hints.  Mark  every  station,  or  spot,  at  ivhich 
Qie  compass  is  set,  by  driving  a  stake,  or  digging  up  a  sod,  or  piling 
up  stones,  or  otherwise,  so  that  it  can  be  found  if  any  error,  or  other 
cause,  makes  it  necessary  to  repeat  tlie  survey. 

Very  often  when  the  line  of  which  the  bearing  is  required,  is  a 
fence,  &c.,  the  compass  cannot  be  set  upon  it.  In  such  cases,  set 
the  compass  so  that  its  centre  is  a  foot  or  two  from  the  Ime,  and 
set  the  flag-staff  at  precisely  the  same  distance  from  the  line  at  the 
other  end  of  it.  The  bearing  of  the  flag-staff  from  the  compass 
will  bo  the  same  as  that  of  the  fence,  the  two  lines  being  parallel 
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Tlie  distances  should  bo  measured  on  tlie  real  line.  If  more  con- 
venient the  compass  may  be  aet  at  some  point  on  the  line  prolong- 
ed, or  at  some  intenaecUate  point  of  the  line,  "  in  line"  between  ita 
extremities. 

In  setting  tlie  compass  level,  it  is  more  important  to  have  it  level 
crossways  of  tiie  sights  thao  in  tlieii-  direction ;  since  if  it  bo  not  so, 
on  looting  up  or  down  hill  through  the  upper  part  of  one  sight  and 
the  lower  part  of  the  other,  the  line  of  sight  will  not  be  pi«-allel  to 
the  N  and  S,  or  zero. line,  on  the  compass,  and  an  incorrect  bear- 
ing will  therefore  be  obtained. 

The  compass  should  not  be  levelled  by  the  needle,  as  some  books 
recommend,  i.  e.  so  levelled  that  the  ends  of  the  needle  shall  be  at 
equal  distances  below  the  glass.  The  needle  should  be  brought  so 
ori^nally  bj  the  maker,  but  if  so  adjusted  in  the  morning,  it  will 
not  be  so  at  noon,  oiving  to  the  daily  variation  in  tlie  dip.  If 
then  the  compass  be  levelled  by  it,  the  Imes  of  sight  will  generally 
be  more  or  less  oblique,  and  therefore  erroneous.  If  the  needle 
touches  the  glass,  when  tlie  compass  is  levelled,  balance  it  by  sHd- 
mg  the  coil  of  wire  along.it. 

The  same  end  of  the  compass  should  always  go  ahead.  The 
North  end  is  preferable.  T"he  South  end  irill  then  be  nearest  ta 
the  observer.  Attention  to  this  and  to  the  caution  in  the  next 
paragraph,  wJU  prevent  any  confusion  in  the  bearings. 

Always  take  the  readings  from  the  same  end  of  tlia  needle ; 
from  the  North  end,  if  the  North  end  of  the  compass  goes  ahead  ; 
and  pice  versa.  This  is  necessary,  because  tue  two  ends  will  not 
always  cut  opposite  degrees.  With  this  precaution,  however,  the 
angle  of  two  meeting  lines  can  be  obtained  correctly  from  either 
end,  provided  the  same  one  is  used  in  taking  the  bearings  af  both 
the  lines. 

Guard  ag^st  a  very  frequent  source  l''ig.  ifiS, 

of  error  with  be^ners,  in  reading  from  ..-TTnXrU- 
the  wrong  number  of  the  two  between  >'-^^l'^ 
■which  the  needle  pomta,  such  as  reading 
340  for  26°,  in  ;i  case  like  that  in  tlie 
figure. 
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Check  tJie  vibrations  of  fche  neeclle  by  gently  raising  it  off  the 
pivot  so  as  to  touch  tlie  glass,  and  letting  it  down  again,  hj  the  screw 
on  the  under  side  of  the  box. 

The  compass  should  be  smartly  tapped  after  the  needle  haa 
Eettled,  to  destroy  the  effect  of  any  adhe^on  to  the  pivot,  or  fric- 
tson  of  dust  upon  it. 

AH  ii'on,  such  as  the  chain,  &c.,must  be  kept  at  a  distance  from 
the  compass,  or  it  wiU  attract  the  needle,  and  cause  it  to  deviate 
from  its  proper  direction. 

The  surveyor  ia  sometimes  troubleiJ  by  the  needle  refusing  to 
traverse  and  adhering  to  the  glass  of  the  compass,  after  he  has 
briskly  wiped  this  off  with  a  silk  handkerchief,  or  it  has  been  car- 
ried so  as  to  raJj  against  his  ciotiies.  The  cause  is  the  electricity 
excited  by  the  friction.  It  is  at  once  discharged  by  applying  a 
wet  finger  to  the  glass. 

A  compass  should  be  carried  with  its  face  resting  against  the 
side  of  the  surveyor,  and  one  of  the  sights  hooked  over  his  arm. 

In  distant  surveys  an  extra  centre  pin  should  be  carried,  (as  it 
is  very  liable  to  injury,  and  its  perfection  is  most  essential),  and, 
also,  an  extra  needle.  When  two  such  are  carried,  they  should 
be  placed  so  that  the  north  pole  of  one  rests  against  the  south  polo 
of  the  other. 

(239)  When  the  magnetism  of  the  needle  is  lessened  or  destroy- 
ed by  time,  it  may  bo  renewed  as  follows.  Obtain  two  bar  mag- 
nets. Provide  a  board  with  a  hole  to  admit  of  tJie  axis,  so  that  its 
collar  may  fit  fairly,  and  tiat  the  needle  may  rest  Sat  on  it,  with- 
out hearing  at  the  centre.  Place  the  board  before  you,  with  the 
north  end  of  the  needle  to  your  right.  Take  a  magnet  in  each 
hand,  the  left  holding  the  North  end  of  the  bar,  or  that  which  haa 
the  mark  across,  downwards ;  and  the  right  holding  the  same  mai'k 
upwards.  Bring  the  bars  over  the  axis,  about  a  foot  above  it, 
without  approaching  each  other  within  two  inches: — bring  them 
down  vertically  on  the  needle,  (the  marks  aa  directed)  about 
an  inch  on  each  side  of  its  axis  ;  slide  them  outwards  to  its  ends 
with  slight  pressure ;  raise  them  up  ;  bring  thera  to  their  formei 
position,  and  repeat  this  a  number  of  times. 
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(2'Sffi)  Back  Sights.  To  test  the  accuracy  of  the  bearing  of  a 
line,  taken  at  one  end  of  it,  set  up  the  compass  at  the  other  end, 
or  point  sighted  to,  and  look  hack  to  a  rod  held  at  the  fii-st  station, 
or  point  where  the  compass  had  been  placed  onginally.  The  read- 
ing of  the  needle  should  dow  be  the  same  as  before. 

If  the  position  of  the  sights  had  been  reversed,  the  reading 
would  he  the  Reverse  Bearing ;  a  former  bearing  of  N.  30^  E. 
would  then  be  S.  30°  W.,  and  so  on, 

(2'1!)  Local  attract! At).  If  the  JJiick-sight  does  not  agreo 
ivith  the  fii'st  or  forward  sight,  this  latter  must  be  taken  over  again. 
If  the  same  difference  is  again  found,  this  shows  that  there  is  local 
attraction  at  one  of  the  stations;  i.  e.  some  influence,  such  as  a 
mass  of  iron  ore,  ferruginous  rocfe,  &c.,  under  the  surface,  which 
Bttracts  the  needle,  and  makes  it  deviate  from  its  usaal  direction. 
Any  high  object,  such  as  a  house,  a  tree,  &e.,  has  recently  been 
found  to  produce  a  similar  effect. 

To  discover  at  which  station  the  attraction  exists,  set  the  com- 
pass at  several  intermediate  pomts  in  the  line  which  joins  the  two 
stations,  and  at  points  in  the  line  prolonged,  and  take  the  heai-ing 
of  the  line  at  each  of  these  points.  The  agreement  of  several  of 
these  hearings,  taken  at  distant  points,  will  prove  their  correctness. 
Otherwise,  set  the  compass  at  a  third  station ;  agbt  to  each  of  the 
two  doubtful  ones,  and  then  from  them  back  to  this  third  station. 
This  will  show  which  is  correct. 

When  the  difference  occurs  in  a  series  of  lines,  such  as  around  a 
field,  or  along  a  road,  proceed  ^'s-  '™- 

tlius.   Let  C  be  the  station  at  C  ^. 

which  the  back-sight  to  B  dif-  ^^ 
fers  from  the  foresight  from 
B  to  C.  Smce  the  back-sight  from  £  to  A  is  supposed  ixj  have 
.agreed  with  tho  foresight  from  A  to  B,  the  local  attraction  must  be 
et  C,  and  the  forward  beai-ing  must  be  corrected  by  the  difference 
just  found  between  tho  fore  and  back  sights,  adding  or  subtracting 
it,  according  to  circumstances.     An  easy  method  is  to  draw  a 
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figure  for  tlie  case,  as  in  Fig.  167.     In  ^ '?■  ^''''■ 

it,  suppose  the  true  bearing  of  BO,  as  tj'.^^  / 

given  by  a  fore-sight  from  B  to  C,  to  he 
N.  40°  E.,  hut  that  there  is  local  at- 
traction at  C ,  so  that  the  needle  is  dra\Yn 
aade  10'^,  and  points  in  the  direction 
S'N',  instead  of  SN.     The  back-sight 
from  C  to  B  -will  then  give  a  bearing 
of  N.  60°  E. ;  a  difference,  or  correc-  j^ 
tion  for  the  next  fore-sight,  of  10^.    If  the  next  fore-sight,  from  C 
to  D,  he  N.  70^  E,  this  10°  must  be  subtracted  from  it,  making 
the  tme  fore-sight  N.  60^  E. 

A  general  rule  may  also  he  given.  Wh&ti  the  bacJcsight  is 
greater  than  the  foresight,  as  in  this  case,  subtract  the  difference 
from  the  nest  fore-sight,  if  that  course  and  the  preceding  one  have 
both  their  lettei-a  t!ie  same  (as  in  this  case,  both  being  N.  and  E.), 
or  both  their  letters  different ;  or  add  the  difference  if  either  the 
first  or  last  letters  of  the  two  courses  are  different.  Wliem  the 
haoksiffht  is  less  than  the  foresigJtt,  add  the  difference  in  the  case 
in  which  it  has  just  been  directed  to  subtract  it,  and  subtract  it 
where  it  was  before  directed  to  add  it. 

(2J2)  Angles  of  dellcction.  When  the  compass  indicates 
much  local  attraction,  the  difference  between  the  directions  of 
two  meeting  lines,  (or  the  "  angle  of  deflection"  of  one  from  the 
other),  can  still  be  correctly  measured,  by  taking  the  difference  of 
the  bearings  of  the  two  lines,  as  observed  at  the  same  point.  For, 
the  error  caused  by  the  local  attraction,  whatever  it  may  be,  affects 
both  bearings  equally,  inasmuch  as  a  "Bearing"  is  the  angle 
which  a  line  makes  with  the  direction  of  the  needle,  and  that  here 
remains  fixed  hi  some  one  direction,  no  matter  what,  during  the 
taking  of  the  two  bearings.  Thus,  in  Fig.  167,  let  the  tme  bear- 
ing of  EC,  i.  e.  the  angle  wliieh  it  makes  with  the  line  SN,  be,  as 
before,  If.  40°  E.,  and  that  of  CD  N.  60°  E.  The  true  "  angle 
of  deflection"  of  these  lines,  or  the  angle  B'CD,i8  therefore  20°. 
Now,  if  local  attraction  at  C  causes  the  needle  to  point  in  the  direc- 
S'N',  lO^  to  the  left  of  its  proper  direction,  EC  will  bear  N.  50^ 
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E.,  and  CD  N.  70^  E.,  and  the  difference  of  theae  bearings,  i.  e. 
the  angle  of  deflection,  will  he  the  samo  as  before. 

(243)  Ang'Ics  between  Courses.  To  determine  the  angle  of 
deflection  of  two  courses  meetmg  at  any  point,  the  foUowing  simpla 
rules,  tho  reasons  of  which  will  appear  from  the  accompanying 
figures,  are  sufficient. 


Case  1.  "VVlien  the  first  letters  of  the 
bearing  are  alike,  (i.  e.  both  N.  or  both 
S.),  and  the  last  letters  also  alike,  (i.  e. 
both  E.  or  both  WOj  take  the  difference 
of  the  bearings.  Example.  If  AB  bears  ^''^ 
N.  30°  E.  and  BO  bears  N.  10^  E,,  the 
angle  of  deflection  CBB'  is  20°. 


Case  2.  When  the  first  letters  are 
alike  and  the  last  letters  different ;  take 
the  sum  of  the  bearings.  Ex.  If  AB 
bears  N.  40=  E.  and  BC  bears  N.  20=' 
W. ;  the  angle  CBB'  is  60°. 


Case  3.  "When  the  first  letters  are 
different  and  the  iast  letters  alike,  sub- 
tract the  sum  of  the  bearings  from  180°. 
Ex.  If  AB  bears  N.  30°  E.  and  BC 
bears  S.  40° E.;  the  angle  CBB'isllO°. 
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Vase  4.  When  botli  the  first  and 
[iist  letters  are  different,  sabtract  the 
difference  of  the  beai-ings  from  180°. 
Ec.  IfABbearsS.  30OW.  andEC  w- 
bears  N.  70=  E. ;  the  angle  CBB'  is 
t40o 


Jf  the  angles  included  between  the  courses  are  desired, 
tbey  will  be  at  once  found  by  reversing  one  bearfng,  and  then  ap- 
plying the  above  rules ;  or  by  subtracting  the  resulta  obtained  as 
above  from  180° ;  or  an  analogous  set  of  rulea  could  be  farmed 
for  them. 

(244)  To  cliailg:e  Beariiig:s.  It  is  convenient  in  certain  cal- 
culations to  suppose  one  of  the  lines  of  a  survey  to  change  its  direc- 
tion so  as  to  become  due  North  and  South ;  that  is,  to  become  a 
new  Meridian  line.  It  is  then  necessary  to  determine  ■what  the 
1  of  the  other  lines  will  he,  supposing  them  to  change  irith 
The  subject  may  bo  made  plain  hy  sapposing  the  survey  to  be 
plattod  m  the  usual  way,  with  the  North  uppermost,  and  the  plat 
to  be  then  turned  around,  till  the  line  to  be  changed  is  in  the  do- 
Bired  direction.  The  effect  of  this  on  the  other  lines  will  be  readily 
B66E.    A  G-eneral  Rule  can  also  be  formed. 

Take  the  difference  between  the  original  bearing  of  the  side 
which  becomes  a  Meridian  and  each  of  those  bearings  which  have 
both  their  letters  the  same  as  it,  or  both  different  from  it.  The 
changed  bearings  of  these  lines  retain  the  same  letters  as  before,  if 
they  were  originally  greater  tlian  the  original  hearmg  of  the  now  Me- 
ridian line ;  hut,  if  they  were  less,  they  are  thrown  on  the  other  side 
of  the  N.  and  S.  line,  and  their  last  letters  are  changed ;  E.  being 
put  for  W.  and  W  for  E. 

Take  the  Biiyn  of  the  ori^nal  hearing  of  the  new  Meridian  line, 
and  each  of  those  bearings  which  have  one  letter  the  same  as  one 
letter  of  the  foi-mer  hearing,  and  one  different.    If  this  sum  esceeda 
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90^,  this  shews  Jiat  tLe  line  ia  throira  on  tke  other  side  of  th.i 
East  or  West  point,  and  the  difference  Itetiveen  this  sum  and  180^ 
will  be  the  new  bearing  and  the  first  letter  yfia  be  changed,  N. 
being  put  for  S.  aud  S.  for  N. 

^Example.  Let  the  Bearings  of  the  sides  of  a  field  be  as  folloivs : 
N.  32°  E. ;  N.  80°  E. ;  S.  48o  E. ;  S.  18^  W. ;  N.  73^°  W. ; 
Nortb.  Suppose  the  first  side  to  become  du3  North ;  the  changed 
bearings  wiU  then  be  as  foUows :  Korth ;  N.  48°  E. ;  3.  80o  E. ; 
S.  140  E. ;  S.  T410  -W. ;  N.  $%"=  W. 

To  applj  the  rule  to  the  "  North"  course,  as  above,  it  must  bo 
called  N.  0°  W. ;  aad  then  by  the  Eulo,  32=>  must  bo  added  to  it. 

The  ti-ue  bearings  can  of  course  be  obtained  from  tJie  changed 
bearings,  by  reversing  the  operation,  taking  the  sum  instead  of  the 
difference,  and  vice  versa. 

(245)  Line  Surveying!  This  name  may  be  given  to  surveys 
of  lines,  such  aa  the  windings  of  a  brook,  the  curves  of  a  road,  &c., 
bj  way  of  disianction  from  Farm  Surveying^  in  which  the  lines 
surveyed  enclose  a  space. 

To  survey  a  Irooh,  or  any  similar  line,  set  the  compass  at,  or 
near,  one  end  of  it,  and  take  the  bearing  of  an  imaginary  or 
visual  line,  running  in  the  general  average  direction  of  the  brook, 


Euch  as  AB  in  the  figure.  Measure  this  line,  taking  o 
various  bends  of  the  brook,  as  to  the  fence  explained  in  Art. (115). 
Then  set  the  compass  at  B,  and  take  a  back-sight  to  A,  and  if 
they  agree,  take  a  fore-sight  to  C,  and  proceed  as  before,  noting 
particularly  the  points  where  the  lino  crosses  the  brook. 

To  survey  a  road,  take  the  bearings  and  lengths  of  the  hnea 

Fig.  173. 


ti~ 
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whicli  can  bo  moit  conveniently  measured  in  tlie  roa^i,  and  mear 
sure  offsets  on  each  side,  to  the  outside  of  the  road. 

When  the  hno  of  a  new  road  ia  surveyed,  the  bearings  and 
lengths  of  the  various  portions  of  its  intended  centre  line  Bhonld  be 
measured,  and  the  distance  ivhich  it  runs  through  each  man's  land 
should  be  noted.  Stones  should  be  set  in  the  ground  at  recorded 
distances  from  each  angle  of  the  line,  or  in  each  line  prolonged  a 
known  distance,  so  as  not  to  be  disturbed  in  making  the  road. 

In  surveying  a  wide  river,  one  bank  may  be  surveyed  by  the 
method  just  given,  and  points  on  the  opposite  banks,  as  ti-ees,  &c., 
may  be  fixed  by  the  method  of  intersections,  founded  on  the  Fourth 
Method  of  determining  the  position  of  a  point ;  and  fully  explained 
in  Part  IV. 

(246)  Checks  by  intersecting  bearings.  At  each  station  al 
which  the  compass  is  set,  take  bearings  to  some  remarkable  object, 
such  33  a  church  steeple,  a  distant  house,  a  high  tree,  kc.  At 
least  three  bearings  should  be  taken  to  each  object  to  make  it  of 
any  use ;  since  two  are  necessary  to  determine  it,  (by  our  Fourth 
Method),  and,  till  thus  detennined,  it  can  be  no  check.  When 
the  line  is  platted,  by  the  methods  to  be  explained  in  the  next 
chapter,  plat  also  the  liuea  ^ven  by  these  bearings.  If  those  taken 
to  the  same  object  from  three  different  stations,  intersect  in  the 
same  point,  this  proves  that  there  has  been  no  mistake  in  the  sur^ 
vey  or  platting  of  those  stations. 

If  any  bearing  does  not  intersect  a  point  fixed  by  previous  bear- 
ings, it  shows  that  there  has  been  au  error,  either  between  the  last 
station  and  one  of  tliose  which  fixed  the  point,  or  in  the  last  beai'- 
ing  to  the  point.  To  discover  which  it  was,  plat  the  following  lint 
of  the  survey,  and,  at  its  extremity,  set  off  the  bearing  from  it  to  the 
point;  and  if  the  line  thus  platted  passes  through  the  pomt,  it 
pi-oves  that  there  was  no  error  in  the  line,  but  only  in  the  bearing 
to  the  point.  If  otherwise,  the  error  was  somewhere  in  the  line 
between  the  stations  from  which  the  bearings  to  that  point  were 
taken. 
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(2'i7)  Kceiting  the  TicM-HOtes.  The  eimj/lest  and  easiest 
method  for  a  beginner  is  to  maie  a  rough  sketch  of  tlie  survey  by 
eye,  and  ■i\rite  dovn  mi  the  lines  their  bearings  and  lengths. 

An  improvement  on  this  is  to  actually  lay  down  the  precise  bear 
inga  and  lengths  of  the  lines  in  the  field-book  in  the  manner  to  b€ 
Q^iilained  in  the  chapter  t>n  Platting,  Art.  (269)- 

(218)  A  secund  method  is  to  diaw  a  straight  lino  up  the  page 
of  the  field-book,  and  to  write  on  it  tlie  bearings  and  lengths  of 
the  lines.  The  only  advantage  of  this  method  is  that  the  line  will 
not  run  off  the  side  of  the  page,  aa  it  is  apt  to  do  in  the  preceding 
method. 

(2-19)  A  tfdrd  method  is  to  rcprescLt  the  line  surveyed,  by  a 
double  cohtnm,  aa  in  Part  II,  Chapter  I,  Art.  (95),  which  should 
be  now  referred  te.  The  bearings  are  written  obliquely  up  the 
columns.  At  the  end  of  each  course,  its  length  is  ™tt«n  in  the 
column,  and  a  line  drawn  across  it.  Doited  lines  are  drawn  across 
the  column  at  any  intermediate  measurement.  Ofeets  are  noted 
aa  explained  in  Art.  (lU). 

The  intersectaon-beai-ings,  described  in  Art.  (246),  shotdd  be 
ent-ered  in  the  field-boo^  hffore  the  beai-ings  of  the  line,  in  order 
to  avoid  mistakes  of  platting,  in  setting  ofif  the  measured  distances 
on  the  wrong  line. 

(250)  A  fourth  method  is  to  write  the  Stations,  Beai'ings,  and 
Distances  in  three  columns.  This  is  compact,  and  has  the  advan* 
tage,  when  apphed  to  farm  surveying,  of  presenting  a  form  suitable 
for  the  subsequent  calculations  of  Content,  but  does  not  give  facili- 
ties for  noting  offsets. 

Examples  of  these  four  methods  are  given  in  Art.  (254)  ;  which 
eontajna  the  field-notes  of  the  lines  bounding  a  field. 

(251)  New-York  Canal  Maps.  The  following  is  a  description 
of  the  original  maps  of  the  survey  of  the  line  of  the  New- York  Erie 
Canal,  as  published  by  the  Canal  Commissioners.  The  figin-e 
represents  a  portion  of  such  a  map ;  hut,  necessarily,  mtli  ail  its 
'.raes  black ;  r&d  and  blue  lines  being  used  on  the  real  map. 
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"  Tlie  Red  Line  doaeribed  along  tlie  iunei*  edge  of  the  towing 
path  ia  the  base  line,  upon  -which  all  the  mcasuromeiits  in  the  direc- 
tion of  the  length  of  the  canal  ■wore  made.  The  bearings  refer  t<> 
the  magnetic  mendian  at  the  time  of  the  survey.  The  lengths  of 
the  several  portions  are  inserted  at  the  end  of  each,  in  chains  and 
links.  The  offsets  at  each  station  ai-e  represented  by  red  iines 
drawn  across  tlie  canal  in  such  a  direction  as  to  bisect  the  angles 
formed  by  the  two  contiguous  portions  of  the  red  or  base  line,  upon 
the  towing  path.  The  intennediate  o^ets  are  set  off  at  right  angles 
to  the  base  line  ;  and  tlie  distances  on  both  are  given  from  it  in 
links.  The  intermediate  offsets  are  represented  by  red  dotted  lines, 
and  the  distances  to  them  upon  the  base  line  are  reckoned,  in  each 
ease,  from  the  last  preceding  station.  The  same  is  likewise  done 
with  ttie  other  distances  upon  the  base  line ;  those  to  the  Bridges 
being  taken  to  the  Imes  joining  the  nearest  angles,  or  comer  posts 
of  their  abutments ;  those  to  the  Looks  extending  to  the  lines  pass- 
ing through  the  centres  of  the  two  neai'est  quoin  posts ;  and  those 
to  the  Aqueduots,  to  the  faces  of  their  abutments.  The  spa«e 
enclosed  by  the  Blub  Linbs  represents  the  portion  embraced  with- 
in the  limits  of  the  survey  as  belonging  to  the  state ;  and  the  names 
of  the  adjoining  proprietors  are  ^ven  as  they  stood  at  the  time  of 
executing  the  survey.  The  distances  are  projected  upon  a  seah 
of  two  chains  to  the  inch." 


(252)  Farm  Surveying.  A  farm,  or  field,  or  other  space  in- 
cluded within  known  lines,  is  usuaUy  surveyed  by  the  compass 
thus.  Begin  by  walking  around  the  boundary  lines,  and  setting 
stakes  at  all  the  corners,  which  the  flag-man  should  specially  notes 
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BJ  that  lie  may  readily  find  ihem  again.  Tliea  set  the  c 
any  corner,  and  send  the  flag-man  to  tho  next  eoraer.  Take  tha 
bearing  of  the  l)oimding  lino  nmning  from  comer  to  corner,  whtcb 
is  nsuaJly  a  fence.  Measure  its  length,  taldng  oSsets  if  necesaa^'y. 
Note  -where  any  other  fence,  or  road,  or  other  line,  crosses  or  meets 
it,  and  take  tJieir  bearings.  Take  the  compass  to  the  end  of  this 
first  bomiding  lino  ;  sight  back,  and  if  the  back-sight  agrees,  take 
the  bearing  and  distance  of  the  next  bounding  line ;  and  so  proceed 
till  you  have  got  back  to  the  point  of  starting. 

(253)  "Wliere  speed  is  more  important  than  acenraey  in  a  sur- 
vey, whether  of  a  line  or  a  farm,  the  compass  need  bo  set  only  at 
every  other  station,  taking  a  forward  sight,  from  ihe  lafc  station  to 
the  2d ;  then  setting  the  compass  at  the  3d  station,  taking  &  back- 
Bight  to  tho  2d  station  (but  with  the  north  point  of  the  compass  al- 
ways ahead),  and  a  fore-sight  to  the  4th ;  then  going  to  the  5tJ:i, 
and  so  on.     This  is,  however,  not  to  be  recommended. 

(254)  Fielil-notes,  The  Field-notes  of  a  Farm  survey  may  be 
kept  by  any  of  the  methods  which  have  been  described  with  lefer- 
ence  to  a  Line  survey.  Below  are  given  the  Field-notes  of  the 
game  field  recorded  by  each  of  the  methods. 

Mrst  Method. 
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0(6) 


0(3) 


0(2) 


o(l) 


Secmcl       Third 
Method. 

o(l) 


-(1). 


Fourth  Method. 


STATIONS. 

BEAEINeS. 

DISTANCES. 

1 

4 
6 

N.  350    E. 
K.  8310  E. 
S.  670   E. 
S.  34^0 w. 
N.66JOW. 

2.70 

1.29 
2.22 
3.65 
3.S3 

(^255)  The  Field-notes  of  a  field,  in  wliich  offsets  occur,  may  Iw 
most  ea^ly  recorded  ty  the  Third  Method ;  as  in  Fig,  176. 

Wlien  the  Field-notes  are  recorded  by  the  Fourth  Method, 
the  offsets  may  be  kept  in  a  separate  Table;  in  which  the  lat 
eo.uirm  ivill  contain  the  stations  from  ivhich  the  measurements  are 
made,  the  2d  column  the  distances  at  ^Hch  they  occur,  the  3d 

"  In  the  "  Third  Melhod,"  the  beannga  ehonld  ba  written  oblioaely  npward 
as  dirertsd  in  Art,  (249)  but  ara  not  ao  printed  here,  from  lypographicai  diffi 
tollies. 
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column  tlie  lengths  of  the  offsets,  and  the  4th  column  the  sido  of 
the  line,  "  Eight,"  or  "  Left,"  on  which  they  he 

For  calculation,  four  more  columns  may  he  added  to  the  tible, 
containing  the  mtflrvals  hetween  the  offsets ;  tne  sums  of  the 
adjoining  pairs ;  and  the  products  of  the  numheis  m  the  two  pie- 
ceding  columns,  separated  into  Eight  and  Left,  one  hem^  idditiva 
to  the  field,  and  the  other  subtractive. 


(256)  Tests  of  accuracy.  Ist.  The  check  of  intersections  de- 
scribed in  Art.  (240),  may  be  employed  to  great  advantage, -when 
some  conspicuous  object  near  the  centre  of  the  farm  can  be  seen 
from  most  of  ita  comers. 

2nd.  When  tee  survey  is  platted,  if  the  last  course  meets  the 
starting  point,  it  proves  the  work,  and  the  survey  is  then  said  to 
"  close." 

3d.  Diagonal  lines,  running  from  corner  to  comer  of  the  farm, 
like  the  "  Proof-lines"  in  Chain  Surveying,  may  be  measured  and 
their  bearings  taken.  When  these  are  laid  down  on  the  plat,  their 
meelang  the  points  to  wlueh  they  had  been  measured,  proves  the 
work. 

4th.  The  only  certain  and  precise  test  is,  however,  that  by 
"  Latitudes  and  Departures."  This  is  fully  explained  in  Chapter 
V,  of  this  Part. 


(257)  A  very  fallacious  test  is  recommended  by  several  writers 
on  this  subject.  It  is  a  well-lcnown  proposition  of  Geometry,  that 
in  any  figure  bounded  by  straight  lines,  the  sum  of  all  the  mterior 
angles  is  equal  to  twice  as  many  right  angles,  as  the  figure  has  sides 
less  two ;  since  the  figure  can  be  divided  into  that  number  of  tri- 
angles. Hence  this  common  rule.  "  Calculate  {by  the  last  parar 
graph  of  Art.  (243)]  the  interior  angles  of  the  field  or  farm  sur- 
veyed ;  add  them  together,  and  if  their  sum  equals  twice  as  many 
right  angles  as  the  figure  has  sides  less  two,  the  angles  have  been 
correctly  measured,"  This  rule  is  not  applicable  to  a  compass  suif- 
vey ;  for,  in  Fig.  167,  page  144,  the  interior  angle  BCD  will  con- 
tain tl;e  same  number  of  degrees  (in  that  case  ISO"^)  whether  the 
bearings    of   fee  sides  have  been  noted  correctly,  as  being  tlie 
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acglea  lyliiclitliey  make  mth  NS — or  incorrectly,  as  being  the 
angles  -n'hich  they  Biake  witli  N'S'.  This  rule  ■would  therefora 
prove  t!ie  Troi-k  in  eitlier  case. 

(258)  nietllio^  of  EadiaUou.  A  field  may  be  surveyed  from 
one  statmi,  either  witJdn  it  or  without  it,  by  taking  the  hearings  and 
the  distances  from  that  point  to  each  of  the  corners  of  the  field. 
These  corners  are  then  "  determined,"  by  the  8d  method,  Art.  (1). 
This  modification  of  that  method,  we  named,  in  Art.  (220),  the 
Method  of  Radiation.  All  our  preceding  surveys  with  the  com- 
pass have  heen  by  the  Method  of  Progression. 

The  compass  may  he  set  at  one  comer  of  the  field,  or  at  a  point 
in  one  of  its  aides,  and  the  same  method  of  Eadiation  employed. 

Ibis  method  is  seldom  used  however,  since,  unlike  the  method 
of  Progression,  its  operations  are  not  checks  upon  eauli  other. 

(259)  Metlsod  «f  Sntersectfon.  A  field  may  also  be  surveyed 
by  measuring  a  base  line,  either  within  it  or  without  it,  setting  the 
compass  at  each  end  of  the  base  line,  and  taking,  from  each  end, 
the  bearings  of  each  corner  of  the  field ;  wbich  will  then  be  fixed 
and  deteiTnined,  by  the  4th  method,  Art.  (8).  This  mode  of  sur 
veying  ia  the  Method  of  Intersections,  noticed  in  Art.  (320).  It 
■will  be  fully  treated  of  in  Part  V,  under  the  title  of  TriawgHkr 
Siirreyiii^. 

(260)  Ruunia^  out  »i!l  Hues.  The  oi-iginal  surveys  of  lands 
in  the  older  States  of  the  American  Union,  -were  exceedmgly  defi- 
cient in  precision.  This  arose  from  two  principal  causes ;  the  small 
value  of  land  at  the  period  of  these  surveys,  and  the  want  of  skill 
in  the  surveyors.  The  effect  at  the  present  day  is  frequent  dissat- 
isfaction and  litigation.  Lots  sometimes  contain  more  acres  than 
they  ■were  sold  for,  and  sometimes  less.  Lines  which  are  straight 
in  the  deed,  and  on  the  map,  aro  found  to  be  crooked  on  the 
ground.  The  recorded  surveys  of  two  adjommg  farms  often  make 
one  overlap  the  other,  or  leave  a  gore  between  them.  The  most 
difficult  and  delicate  duty  of  the  laiid-surveyor,  is  to  nm  out  these 
old  boundary  lines.     In  such  cases,  his  fU'St  business  is  to  find 
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monuments,  stones,  marked  trees,  stumps,  or  aiiy  otlier  old  "  cor- 
ners," or  landmarks.  TKese  are  hia  starting  points.  I'lie  oivners 
whose  lands  join  at  these  corners  should  agree  on  them.  Old 
fences  must  generally  be  accepted  hj  right  of  possession ;  though 
such  questions  belong  rather  to  the  lawyer  than  to  the  surveyor.* 
His  business  is  to  mark  out  on  the  ground  the  hnes  given  in  the 
deed.  When  the  bounds  are  given  by  compass-bearings,  the  sur- 
veyor must  be  reminded  that  these  hearings  are  very  far  from  being 
the  same  now  as  originally,  having  been  chan^ng  every  year. 
The  method  of  determining  this  important  change,  and  of  maldng 
the  proper  allowance,  ivill  be  found  in  Chapter  VIII,  of  this  Part. 

(£61)  Town  SurvejinS-  Be^n  at  the  meeting  of  two  or  more 
of  the  principal  streets,  throagh  which  you  can  have  tlie  longest 
prospects.  Having  fixed  the  instrument  at  that  point,  and  taken 
the  hearings  of  all  the  atreete  issuing  from  it,  measure  all  these  lines 
with  the  chain,  taldng  oSsets  to  all  the  comers  of  streets,  lanes, 
bendingSj  or  windings ;  and  to  all  remarkable  objects,  as  churches, 
markets,  pubHe  builiJiugs,  &c.  Then  remove  the  iusti-umcnt  to 
the  next  street,  take  its  bearings,  and  measure  along  the  street  aa 
before,  taking  offeets  as  you  go  along,  with  the  offset-staff.  Proceed 
in  this  manner  from  street  to  street,  measuring  the  distances  and 
offsets  as  you  proceed. 


'  "  In  ihe  (leacription  of  land  coiiToyed,  tlia  rnle  ia,  that  known  Bnd  fiiad  mo 
aments  control  couiaes  and  disiaiioes.  So,  the  certainty  of  metes  and  bounds  wi 
iiioludo  and  paaa  all  the  lands  wiliiin  them,  thovigh  diey  vary  from  the  give 
quantity  expressed  in  llje  Jeed.      !□  New-York,  to  remove,  defacs  or  itller  lam 
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TSius,  in  the  figure,  fix  the  instrument  at  A,  and  measure  lines 
in  the  direction  of  all  the  streets  meeting  there,  noting  their  bear- 
ings; thenmeasureAB,  noting  the  streets  at  X,X.  At  the  second 
station,  B,  take  the  bearings  of  all  Uie  street  which  meet  there ; 
and  measure  from  E  to  0,  noting  the  pla«ea  and  the  bearings  of 
aU  the  cross-streets  as  you  pass  them.  Proceed  in  like  maimer 
fi-om  C  to  D,  and  from  D  to  A,  "  closing"  there,  as  in  a  farm  sur- 
vey. Having  thus  surveyed  all  the  principal  streets  in  a  particu- 
lar neighborhood,  proceed  then  to  sui'vey  the  smaller  intermediate 
streets,  and  last  of  all,  the  lanes,  alleys,  courts,  yaitls,  and  every 
other  place  which  it  may  he  thought  proper  to  represent  in  the 
plan.  The  several  crosa-strcets  answer  as  good  check  lines,  to 
pi-ove  the  accuracy  of  the  work.  In  this  manner  you  continue  till 
you  take  in  all  the  town  or  city. 

(262)  Obstacles  in  Compass  SiirTcying.  The  vaiious  ohsta^ 
cles  which  may  be  met  with  in  Compass  Surveying,  such  as  woods, 
water,  houses,  &c.,  can  be  overcome  much  more  easily  than  in 
Chain  Surveying,  But  as  some  of  the  best  methods  for  effecting 
this  involve  principles  which  have  not  yet  been  fully  developed,  it 
will  be  better  to  postpone  ^ving  any  of  them,  till  they  can  be  al! 
treated  of  together ;  which  will  be  done  in  Part  VII. 
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PLATTIHG  THE  SURVEY. 

(2SS)  TKe  [flatting  of  a  survey  maJe  with  the  3ompas3,  consiate 
ia  drawing  on  paper  the  lines  and  the  angles  which  have  heen 
measured  on  the  ground.  The  lines  are  drawn  "  to  scale,"  as  has 
been  fuUj  explained  in  Pai"t  I,  Chapter  III,  The  manner  of  plat- 
ting angles  was  referred  to  in  Art.  (■11),  but  its  explanation  has 
been  reserved  for  this  place. 

(261)  WUil  a  Protractor.     A   Protractor   is   an  instrument 

made  for  this  object,  and  is  usually  a  seuiieirele  of  brass,  as  in  the 

figure,  with  its  semi-eircumferenee  divided  into  180  equal  parts,  or 

Fig.  178. 


degrees,  and  numbered  in  both  directjona.  It  is,  in  fact,  a  imraa 
ture  of  the  instrument,  (or  of  half  of  it),  with  which  the  aoglea 
have  been  measured.  To  lay  off  any  angle  at  any  point  cf  a 
straight  line,  place  the  Protractor  so  that  its  straight  side,  tho 
diameter  of  the  semi-circle,  is  on  the  given  line,  and  the  middle  of 
this  diameter,  which  is  marked  by  a  notch,  is  at  tho  ^iven  point. 
With  a  needle,  or  sharp  pencil,  make  a  mark  on  tlie  paper  at  tho 
required  number  of  degrees,  and  draw  a  lino  from  the  mai-k  to  the 
given  point. 
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i  the  protractor  has  an  ann  turning  on  its  centre,  and 
extending  beyond  its  circumference,  so  that  a  line  can  be  at  once 
draivn  by  it  when  it  is  set  to  the  desired  angle.  A  Vei-niep  scale 
is  sometimes  added  to  it  to  increase  its  preciaion. 

A  Rectangular  Protractor  is  sometimes  used,  the  divisions  of 

degrees  being  engraved  along  throe  edges  of  a  ^lane  scale.     The 

semi-circular  one  is  preferable.     The  objection  to  the  rectangular 

protractor  is  that  the  division  corresponding  to  a  degree  is  very 

Fig.  179. 


I'd.!!      tto  liDiiaiimdo^itbri)  eo    so      '0          so          |  M 

, 

'a 
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unequal  on  different  parts  of  the  scale,  being  usually  two  or  three 
times  as  great  at  its  ends  as  at  its  middle. 

A  Protractor  embracing  an  entire  circle,  with  arms  carrying 
verniers,  is  also  sometimes  employed,  for  tlie  sake  of  gi'oater  accu- 
racy. 

(S65)  PiattiDg  Bcariiig:^,  Since  "  Bearings  "  taken  with  the 
Compass  are  the  angles  which  the  various  lines  make  with  the 
Magnetic  Meridian,  or  the  direction  of  the  compass-needle,  which, 
as  we  have  seen,  remains  always  (approximately)  parallel  to  itself, 
it  is  necessary  to  draw  these  meridians  through  each  station,  before 
layuig  off  the  angles  of  the  bearings. 

The  T  square,  shown  in  Fig.  14,  is  the  most  convenient  instru- 
ment for  this  purpose.  The  paper  on  which  the  plat  is  to  be  madf 
IS  fastened  on  the  board  so  that  the  intended  dh'ection  of  the 
North  and  South  line  may  be  parallel  to  one  of  the  sides  of  the 
board.  The  inner  side  of  the  stock  of  the  T  square  being  pressed 
against  one  of  the  other  sides  of  the  hoard  and  slid  along,  the  edge 
of  the  long  blade  of  the  square  will  always  be  parallel  to  iteelf  and 
to  the  first  named  side  of  the  board,  and  will  thus  represent  the 
meridian  passing  through  any  station. 
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If  a  straight^edged  drawing 
board  or  table  cannot  lie  pro- 
cured, nail  down  on  a  tabic  of 
any  sbape  a  straight-edged 
ler,  and  slide  along  against  it   , 
tlie  outside  of  the  stock  of  a  T  / 
square,  one  side  of  the  stock  [ 
being  flush  witii  the  blade. 

A  parallel  rulor  may  also  be 
ased,  one  part  of  it  boin 
screwed  down  to  the  board  in 
the  proper  posiiion. 

If  none  of  these  means  are  at  hand,  approximately  parallel  meri- 
dians may  be  drawn  by  the  edges  of  a  common  ruler,  at  distances 
apart  equal  to  its  width,  and  the  diameter  of  the  protractor  made 
parallel  to  them  by  measuring  equal  distances  between  it  and  them. 

(266)  To  plat  a  survey  with  these  instruments,  mark,  with  a  fine 
paint  enclosed  in  a  circle,  a  convenient  spot  in  the  paper  to  repre- 
sent the  first  station,  1  in  the  figure.     Its  pla«e  must  be  so  chosen 


Hosted  by 


Google 


160  COMPASS  SHRTEfflBKJ.  Lpaet  m 

that  the  plat  may  not  "  run  off"  the  paper.  With  the  X  square 
draw  a  mericljan  through  it.  The  top  of  the  paper  is  usually, 
though  not  necessarily,  called  North.  With  the  protractor  lay  off 
the  angle  of  the  first  bearing,  as  directed  in  Art.  (264).  Set  off 
the  length  of  the  first  line,  to  tho  desired  scale,  by  Art.  (42),  from 
1  to  2,     The  line  1 2  represents  the  first  course. 

Through  2,  draw  another  meridian,  lay  off  the  angle  of  the 
second  course,  and  set  off  the  length  of  this  course,  from  2  to  3. 

Proceed  in  like  manner  for  each  course.  When  the  last  course  is 
platted,  it  should  end  precisely  at  the  starting  point,  as  the  survey 
did,  if  it  were  a  closed  survey,  as  of  a  field.  If  the  plat  does  not 
"  close,"  or  "  come  together,"  it  shows  some  error  or  inaccuracy 
either  in  the  original  survey,  if  that  have  not  been  "  tested"  by 
Latitudes  and  Departures,  or  in  the  work  of  platting.  A  method 
of  correction  is  explained  in  Art,  (268).  The  plat  here  given  is 
the  same  as  that  of  Pig.  175,  page  151. 

This  manner  of  laying  down  the  directions  of  lines,  by  tho  angles 
which  they  make  viith  a  meridian  line,  has  a  great  advantage,  in 
biith  accmaoy  and  rapidity,  over  the  method  of  platting  linos  by 
the  angles  which  each  makes  with  the  Ime  which  comes  before  it. 
In  the  latter  method,  any  oiTOr  in  the  direction  of  one  line  makes 
all  that  follow  it  also  wrong  in  their  directions.  In  the  fonner,  the 
diiection  of  each  line  is  independent  of  the  preceding  line,  though 
its  position  would  be  changed  by  a  previous  error. 

Instead  of  drawing  a  meridian  through  each  station,  sometimes 
only  one  is  drawn,  near  the  middle  of  the  sheet,  and  all  the  bcai'- 
ing8  of  the  survey  are  laid  off  from  some  one  point  of  it,  as  shown 
in  the  figure,  and  numbered  to  correspond  with  the  stations  from 
which  these  hearings  were  taken.  The  circular  protractor  is  conve- 
nient for  this.  They  are  then  transferred  to  the  places  where 
they  are  wanted,  by  a  trianglo  or  other  parallel  ruler,  as  explained 
on  page  27.  The  figure  at  the  top  of  the  next  page  represents 
the  same  field  platted  by  this  method. 

A  semi-circular  protractor  is  sometimes  attached  to  the  stock 
end  of  the  T  square,  so  that  its  blade  may  be  set  at  any  desired 
angle  with  the  meridian,  and  any  bearing  be  thus  protracted  with- 
out drawing  a  meridian.     It  has  some  inconveniences. 
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(2fi7)  Tl  e  (,  n|  1  tself  may  be  sed  to  jlat  b  i  ii  ^  iot 
tills  pu  1  ?c  t  n  uat  1  e  atticl  e  1  to  a  s  i  are  boar  1  s  th<i,t  the  H 
anl  &  1  ne  f  tl  e  co  pia?  1  o\  m%y  be  parillel  to  Uo  oppoa  te 
e  Iges  of  the  1  oi  I  This  is  phce  \  o  tl  e  pipe  ar  d  tl  e  box  3 
turned  till  the  noe Ue  j o nta  13  t  id  nhen  tlio  fiidt  beirmg  ^a? 
taken  Tl  en  i  line  hawn  1  j  one  edge  i  iho  boiri  t^  11  be  m  a 
piopei  d  lect  on  M  L  off  t3  1  n^tl  and  plat  the  ne\fc  an  I  the 
su    ee  1      bea     ga  n  tl  e    anie  mi     er 


(268)  "VVIien  the  plat  ot 
corrected  as  folbivg.  Let 
ABODE  be  the  boundary 
lines  platted  according  to 
tho  given  bearings  and 
di3tances,and  suppose  that 
the  last  eom-se  cornea  to  E,  A'^d 
instead  of  ending  at  A,  as 
it  should.  Suppose  also 
that  there  is  no  reason  to 
suspect  any  singb  great 
error,  and  that  no  one  of  the  lines 
11 


sun  ey  does  not     close,    it  may  be 


meaaured  over  very  rough 
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ground,  or  was  specially  uncertain  in  its  direction  when  observed, 
The  iniwicura^y  must  then  be  distributed  among  all  the  lines  in 
proportion  to  their  length.  Each  point  in  the  figure,  E,  0,  D,E,  must 
be  moTed  in  a  diraetioa  parallel  to  EA,  by  a  certain  distance  which 
is  obtained  thus.  Multiply  the  distance  EA  by  the  distance  AB, 
and  divide  by  the  eum  of  all  the  courses.  The  quotient  will  be  the 
distance  BB'.  To  get  CC,  multiply  EA  by  A:B  +  EC,  and  divide 
the  product  by  the  same  sum  of  all  the  coui-sea.  To  get  DD',  mul- 
Siply  EA  by  AB  +  BC  +  CD,  and  divide  as  before.  So  for  any 
course,  multiply  by  the  sum  of  the  lengths  of  that  course  and  of  all 
those  preceding  it,  and  divide  as  before.  Join  the  pointa  thua 
obtained,  and  the  closed  polygon  AB'C'D'A  will  thus  be  formed, 
and  will  be  the  mosbproiable  plat  of  the  ^ven  survey.* 

The  method  of  Latitudes  and  Departures,  to  be  explained  here 
after,  is,  however,  the  best  for  effecting  this  object. 

(269)  Field  Flatlin^t  It  is  sometimes  desirable  to  plat  the 
coiu-ses  of  a  survey  in  the  field,  as  soon  as.  they  are  taken,  as  was 
menlaoned  in  Art.  (247),  under  the  head  of  "  Keeping  the  field- 
notes."  One  method  of  doing  this  is  to  have  the  paper  of  the 
Bleld-book  ruled  with  parallel  lines,  at  unequal  distances  apart, 
and  to  use  a  rectangular  pro-  p,^^  jg^, 

tractor  (which  may  he  made 
of  Bristol-board,  or  other  stout 
drawmg  paper,)  mth  lines  rul- 
ed across  it  at  equal  distances 
of  some  fraction  of  an  inch.  A 
bearing  having  been  taken  and 
noted,  the  protractor  is  laid  on 
the  paper  and  ita  centre  placed  at  the  station  wheie  the  be-vrmg  is 
to  be  laid  off.  It  is  then  turned  till  one  of  its  cross  Im-'S  comcidea 
with  some  one  of  the  lines  on  the  paper,  which  repiesent  Eist  and 
iVest  lines.  The  long  side  of  the  protraetoi  wiR  then  be  on  a 
meridian  and  the  proper  angle  (40°  in  the  figure)  can  be  at  once 
marked  off.  The  length  of  the  course  can  also  be  set  off  by  the 
equal  spaces  between  the  cross-lines,  letting  each  space  represent 
any  convenient  munber  of  links. 

"  This  was  danonstrHtcJ  by  Dr.  DowrifCii,  in  Ko.  4,  of  "  The  Aualjflt.'- 
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(279)  A  common  rectangular  protractor  ivitliout  anj  cross-linos, 
or  asemi-Gircularotte,canal30  Fig.jsr). 

be  used  for  the  same  purpose. 
The  parallel  lines  on  the  paper 
(which,  in  this  method,  may 
bo  equi-distant,  as  in  common 
ruled  writing  paper)  will  now 
represent  meridians, 
the  centre  of  the  protractor 
on  the  meridian  nearest  to  the 
station  at  which  the  angle  ia  to 
be  laid  off,  and  turn  it  till  the 
g^ven  number  of  degrees  ia  cut  by  the  meridian.  Slide  the  pro- 
tractor up  or  down  the  meridian  (which  must  continue  to  pass 
through  the  centre  and  the  proper  degree)  till  its  edge  passes 
through  the  station,  and  then  draw  by  this  edge  a  lino,  which  will 
have  the  bearing  required. 

(271)  Paper  nded  into  squares,  (as  are  sometimes  the  right- 
hand  pages  of  surveyors'  field-books),  may  be  used  for  platting 
bearings  in  the  field.  The  lines  running  up  the  page  may  bo  called 
North  and  South  Hnes,  and  those  runnmg  across  the  page  will  then 
be  East  and  West  lines.  Any  course  of  the  survey  will  be  the 
hypothennse  of  a  right-angled  triangle,  and  the  ratio  of  its  other 
two  sides  will  determine  the  r 
angle.  Thus,  if  the  ratio  of  . 
the  two  sides  of  the  right-an- 
gled triangle,  of  which  the  line 
AB  in  the  figure  is  the  hypoth- 
enuse,  is  1,  that  line  makes  an 
angle  of  45°  with  the  meridian. 
If  the  ratio  of  the  long  to  the  - 
short  side  of  the  right-angled 
triangle  of  which  the  Hue  AC  . 
is  the  hypothenuse,  is  4  to  1, 
the  line  AC  makes  an  angle 
of  14"  with  the  meridian.     The  line  AD,  the  hypothenuse  of  an 
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cq\tal  triaagie,  wHcli  tas  its  long  side  lying  Eaat  and  "West,  makea 
likewise  an  angle  of  14°  with  that  aide,  and  therefore  makes  an 
angle  of  76°  with  the  meridian.* 

To  facilitate  the  use  of  this  method,  the  following  table  has  I>*en 


TABLE    FOR    PLATTING   BY    BaUAEBS, 


17 

si 

h 

W 

E=«.of 

h 

i 

Ratio  of 

■| 

H 

long  Bide  to 

=1 

ll 

^t 

long  tide  to 

4 

<boitside. 

short  a&e. 

t- 

H 

Bhort  side. 

■t| 

11 

J- 

1° 

673  to  1 

l^ 

3.49  to  1 

74^ 

m 

1.664  to  1 

)95 

2o 

28.6  to  1 

88'' 

170 

3.27  to  1 

730 

32° 

1.600  to  1 

58° 

3° 

19.1  to  1 

870 

18° 

3.08  to  1 

720 

330 

1.540  to  1 

570 

40 

14.3  to  1 

86° 

19° 

2.90  10  1 

710 

34° 

1.483  to  1 

56° 

6° 

11.4  to  1 

85° 

20° 

2.-5  to  1 

700 

35° 

1.428  to  1 

55° 

60 

9.5  to  1 

84° 

21<= 

2.61  to  1 

69° 

36^ 

1,376  to  1 

54° 

70 

8.1  tel 

8S° 

22° 

2.48  to  1 

68=- 

37<^ 

1.327  to  1 

530 

8° 

7.1  to  1 

82° 

23° 

2.36  to  1 

67° 

38° 

1.280  to  1 

520 

9=* 

6,8  to  1 

81° 

240 

2.25  to  1 

39° 

1.235  to  1 

51° 

10° 

5,7  to  1 

80° 

25° 

2.14  to  1 

65° 

iO° 

1.192  to  1 

500 

11° 

6,1  to  1 

79° 

26° 

2.05  to  1 

64° 

il° 

1.150  to  1 

49° 

12° 

4,9  to  1 

78° 

270 

1.96  to  1 

63° 

120 

1.111  to  1 

480 

13° 

4.3  to  1 

77° 

28° 

1.88  to  1 

62° 

43° 

1.072  to  1 

470 

I40 

4,0  to  1 

76° 

29° 

1.80  to  1 

61° 

440 

1.036  10  1 

46° 

150 

3.7  to  1 

750 

30o|l.73  to  1 

60^ 

45° 

1.000  to  1 

46° 

To  use  this  table,  find  in  it  the  ratio  corresponding  to  the  angio 
■which  you  wish  to  plat.  Then  coimt,  on  the  ruled  paper,  any 
number  of  squares  to  the  right  or  to  the  left  of  the  point  which 
represents  the  station,  accordmg  as  your  bearing  was  East  or  West ; 
and  count  upward  or  downward  according  as  your  bearing  was  North 
or  South,  tbe  number  of  squares  given  by  multiplying  the  first  num 
ber  by  the  ratio  of  the  Table.  Thus  ;  if  the  given  bearing  from  A 
in  the  figure,  was  N.  20"  B,  and  two  squares  were  counted  to  the 
right,  then  2  X  2.75=  5^  squares,  should  be  counted  upward,  to 
E,  and  AE  would  be  the  required  course. 

(272)  With  a  paper  protractor.  Engraved  paper  protractors 
may  be  obtained  from  the  instrument-makers,  and  are  very  conve- 

•  This  and  all  ihe  following  ratios  may  be  obtained  dii'ectly  from  Tiisononift 
nienl  Tables ;  for  the  catio  of  tho  long  side  lo  Ihe  short  side,  ihe  latlev  heiin 
lohen  «!  unity,  is  Ihe  natural  eotangeiit  of  the  ansle. 
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niertt.  A  circle  ot  lai^e  bize  divided  into  dogi-eca  and  C[uai'ter3, 
is  engraved  on  coppei,  and  iinpiessiona  from  it  are  tateii  on  draw- 
ing paper.  Tiie  divi-ion?  iie  n  t  mimbered.  Draw  a  straight  line 
to  represent  a  meridian,  Jiiough  the  centre  of  the  circle,  in  any 
convenient  direction.  Number  the  degrees  &om  0  to  90",  each 
way  from  the  ends  of  tliis  meridian,  as  on  the  compass-plate.  The 
protractor  is  now  ready  for 
use.  Choose  a  convenient 
point  for  the  Erst  station. 
Suppose  the  first  bearing  to 
be  N.  30°  E.  Tho  line  pass- 
ing through  the  centre  of  the 
circle  ajid  through  the  oppo- 
site points  N.  30°  E.  and  S. 
30°  W.  has  the  beai-mg  re- 
quired. But  it  does  not  pass  S 
through  the  station  1.  Transfer  it  thither  by  drawing  through 
station  1  a  line  parallel  to  it,  which  will  be  the  courao  rci^uired,  its 
proper  length  being  set  oS"  on  it  from  1  to  2.  Now  suppose  the 
bearing  from  2  to  be  S.  60°  E,  Draw  through  2  a  line  parallel 
to  ^e  line  passing  through  the  centre  of  the  circle  and  through 
the  opposite  points  S.  60°  E.,  and  N.  60°  W.,  and  it  will  be  the 
line  desired.  -On  it  set  off  the  proper  length  from  2  to  3,  and  so 
proceed. 

When  tho  plat  is  completed,  the  engraved  sheet  is  laid  on  a 
clean  one,  and  the  stations  "  pricked  through,"  and  the  points  thus 
obtained  on  the  clean  sheet  are  connected  by  straight  lines.  The 
pencilled  plat  is  then  rubbed  off  from  the  engraved  sheet,  which  can 
be  vised  for  a  great  number  of  plats. 

If  tlie  central  circle  be  cut  out,  the  plat,  if  not  too  large,  can  be 
made  directly  on  the  paper  where  it  is  to  remain. 

The  surveyor  can  make  such  a  paper  protractor  for  himself,  with 
great  eaae,  by  means  of  the  Table  of  Chords  at  the  end  of  this 
polume,  the  use  of  which  is  explained  in  Art.  (275).  The  engraved 
ones  may  have  shrank  after  being  printed, 

Such  a  circle  is  sometimes  dra-wn  on  the  map  itself.  This  will 
be  particularly  convenient  if  the  boaringa  of  any  lines  on  the  map, 
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not  taken  on  tlie  ground,  ai-e  likely  to  be  i'eqi.iired,     If  ilie  m-ap  hs 
very  long,  more  than  one  may  be  needed. 

(273)  Prawing-Ettard  Frolractar.  Such  a  divided  circle,  aa 
lias  just  been  described,  or  a  circular  protractor,  may  be  placed  on 
a  drawing  boai'd  near  its  centi'e,  and  bo  tkat  its  0°  and  90°  lines 
are  parallel  ki  fiie  sides  of  the  drawing  board.  Lines  are  then  to 
be  drawn,  through  the  centre  and  opposite  divisions,  by  a  ruler 
long  enough  to  reach  the  edges  of  the  drawing  board,  on  which 
they  are  to  be  cut  in,  and  numbered.  The  drawing  board  thus 
becomes,  in  fact,  a  doable  rectangular  pi-otractor.  A  strip  of 
white  paper  may  have  previously  been  pasted  on  the  edges,  or  a 
narrow  strip  of  white  wood  inlaid.  When  this  is  to  be  used  for 
platting,  a  sheet  of  paper  is  put  on  the  board  as  usual,  and  linea 
are  drawn  by  a  niler  laid  across  the  0°  points  and  the  90°  points, 
and  the  centre  of  the  circle  is  at  once  found,  and  should  be  marked 
O.     The  bearings  are  then  platted  as  in  the  last  metltod. 


(27i)  With  a  scale  of  chords.  On  the  plane  scale  contauied 
in  cases  of  mathematical  drawing  instroments  will  be  found  a  series 
of  divi^ons  numbered  from  0  to  90,  and  marked  CHi  ov  C- 
This  is  a  scale  of  chords,  and  gives  the  lengths  of  the  chords  of 
any  aj-c  for  a  radius  equal  in  length  to  the  chord  of  60°  on  the 
scale.  To  lay  off  an  angle  with  this  scale,  as  for 
example,  to  draw  a  line  making  at  A  an  angle 
of  40°  with  AB,  take,  in  the  dividers,  the  dis- 
tances from  0  to  60  on  the  scale  of  chords ;  with 
this  for  radius  and  A  for  centre,  describe  an  in- 
iJefinite  arc  CD.  Take  the  distance  from  0  to 
40  on  the  same  scale,  and  set  it  off  on  the  arc  as 
ft  chord,  from  0  to  some  point  D,  Join  AD,  and 
prolong  it.     BAE  is  the  angle  required. 

Tlie  Sector,  represented-  on  page  36,  supplies  a,  modification  of 
this  method,  sometimes  more  convenient.  On  each  of  its  le^  is 
a  scale  marked  0,  or  CH.  Open  it  at  pleasure  ;  extend  tlie  com- 
pass from  60  to  60,  one  on  each  leg,  and  with  this  radius  describa 
an  arc.     Then  extend  the  compasses  from  40  to  40,  and  the  dis- 
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tance  nill  be  the  chord  of  40°  to  that  radius.     It  can  be  set  off  as 
aboye. 

The  smalliiess  of  the  scsile  renders  the  method  with  a  scale  of 
chords  practically  deficient  in  exactness ;  bnt  it  serves  to  illustrate 
the  next  and  best  method. 

(275)  Witii  a  Table  of  clivrJS.  At  the  end  of  this  volume 
win  be  found  a  Table  of  the  lengths  of  the  chorda  of  arcs  for  every 
degree  and  minute  of  the  quadrant,  calculated  for  a  radius  equal 
tol. 

To  use  it,  take  in  tlie  compasses  one  inch,  one  foot,  or  any  other 
convenient  distance  (the  longer  the  better)  divided  into  tenths  anj 
hundredths,  by  a  diagonal  scale,  or  otlierwbe.  With  this  as  radiua 
describe  an  are  as  in  the  last  case.  Knd  in  the  table  of  chords 
the  length  of  the  chord  of  the  desired  angle.  Take  it  from  the 
scale  jusi;  used,  to  the  nearest  decmial  part  -which  the  scale  ml! 
^ve.  Set  it  off  as  a  chord,  as  in  the  last  figm-e,  and  join  the  point 
thus  obtained  to  the  starting  point.     This  gives  the  angle  desired. 

The  superiority  of  this  method  to  that  which  employs  a  protrac- 
tor, is  due  to  the  greater  precision  with  which  a  straight  line  can 
be  divided  than  can  a  circle. 

A  shght  modification  of  this  method  is  to  talie  in  the  compasses 
10  equal  parts  of  any  convenient  length,  inches,  half  inches,  quar- 
ter inches,  or  any  other  at  hand,  and  with  this  radius  describe  an 
arc  as  before,  and  set  off  a  chord  10  times  as  gi'eat  as  the  one 
found  in  the  Table,  i.  e.  imagine  the  decimal  point  moved  one 
place  to  the  right. 

If  the  radius  be  100  or  1000  equal  parts,  imagine  the  decimal 
jjLunt  moved  two,  or  three,  places  to  the  right. 

Whatever  radiua  may  be  taken  or  given,  the  product  of  that 
radius  into  a  chord  of  the  Table,  will  ^ve  the  chord  for  that  radius. 

This  ^vea  an  easy  and  exact  method  of  getting  a  right  angle ; 
by  describing  an  arc  with  a  radius  of  1,  and  setting  off  a  chord 
equal  to  1.4142. 

If  the  angle  to  be  constructed  is  more  than  90',  consti'uct  on 
the  other  side  of  the  ^ven  point,  upon  the  given  line  prolonged,  an 
angle  equal  to  what  the  given  angle  wants  of  180°;  i.  e.  its 
iSnvpJ-^ment,  in  the  lanauase  of  Trlironometiy. 
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This  same  Tible  g^ts  tlie  meajis  oi  mcteuimg  any  angle. 
With  the  ai  gulu  point  f  i  a  centre,  and  1  oi  10  for  a  radius, 
deeciibe  an  are  Measuie  tlie  lengtli  of  tlie  ch  1 1  of  t!ie  arc 
between  the  Ie„^  of  tlie  angle,  fini  this  lengtli  in  the  Taf.le,  and 
the  anji,  eon  expending  t>  it  !=>  the  one  desired  * 

(2J6)  Willi  a  Table  of  aalural  sines.  In  the  absence  of  a 
Table  of  ctords,  heretofore  rare,  a  table  of  natural  sines,  which  can 
be  found  anywhere,  may  be  used  as  a  less  convenient  substitute. 
Since  the  chord  of  any  angle  equals  twice  the  sine  of  half  the 
angle,  divide  the  given  angle  by  two ;  find  in  the  table  the  natural 
sine  of  this  half  angle ;  double  it,  and  the  product  is  the  chord  of 
the  whole  angle.  This  can  then  he  used  precisely  as  was  the 
chord  in  the  preceding  articie. 

An  ingenious  modification  of  this  method  has  been  much  used. 
Describe  an  arc  from  the  given  point  as  eeati-e,  as  in  the  last  two 
articles,  but  with  a  radius  of  5  equal  parts.  Take,  from  a  Table, 
the  length  of  the  natural  sine  of  half  the  ^ven  angle  to  a  radius  of 
10.  Set  off  this  length  as  a  chord  on  the  arc  just  described,  and 
join  the  point  thus  obtained  to  the  given  point.f 

(2T7)  By  Latitudes  and  Departures.  When  the  Latitudes 
and  Departures  of  a  survey  have  been  obtained  and  corrected,  (as 
explained  in  Chapter  V),  either  to  test  its  accuracy,  or  to  obtain 
ite  content,  they  afford  tlie  easiest  and  best  means  of  platting  it. 
The  description  of  this  method  will  be  given  in  Art.  (285). 

"  This  Table  will  also  serve  lo  find  the  naltcral  sine,  or  easiiie,  of  any  angle. 
Multiply  the  given  angle  by  two  ;  find,  in  ths  Table,  the  chord  of  this  double 
angle  s  and  half  of  this  chord  will  be  the  natural  sine  required  ?or,  the  chord 
of  any  angle  ia  egual  to  twice  the  sine  of  half  the  angle.  To  find  the  cotint,  pro- 
ceed as  above,  with  the  angle  which  added  lo  the  given  angle  would  make  90°. 

Another  use  of  this  Tabla  ie  to  iosctibe  resulai-  polygons  in  a  circle  by  setting 
oEf  the  chorda  of  the  area  wbtch  their  sides  subtend. 

Still  another  use  is  to  divide  an  arc  or  angle  inlo  any  nnmber  of  ecjual  paiU 
by  setting  off  iha  fraeciona!  arc  or  angle.  Fig,  169. 

t  The  reason  of  tlijs  ia  apparent  from  the 
Bgiire.  DE  ia  the  sine  of  half  the  angle 
BAO,  to  a  radius  of  10  egunl  parls,  and 
BO  is  the  choid  directed  to  be  set  ofl',  to  a 
radius  of  5  igiial  parts.  BC  is  equal  to  DE  ; 
for  BC  =  a.BF,  by  Trigonometry,  and  DB 
—  3.BF,  by  simikr  U-ianglea ;  hence  BC  => 
DB. 
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CHAPTER  V. 


LATITUDES  Xm  DEPAIiTiiKES 

(21!*)  DcfiiiitioBS.  The  Latitude  of  a.  point  13  its  distance 
North  or  South  of  some  "  Parallel  of  Latitude"  or  line  running 
East  or  West.  The  Lohgitudb  of  a  point  is  its  distance 
East  or  West  of  some  "  Mei-idian,'"  or  line  running  North  and 
South.  In  Compass-Survejing,  the  Magnetic  Meridian,  i.  e.  the 
direction  in  ^yhich  the  Magnetio  Needle  points,  is  the  hne  from 
wMch  the  Longitudes  of  points  are  measured,  or  reckonecl. 

The  distance  which  one  end  of  a  line  is  due  North  or  South  of 
the  other  end,  is  called  the  Difference  of  Latitude  of  the  two  ends 
af  the  line ;  or  its  Norihing  or  Southing  ;  or  simply  its  Latitude. 

The  distance  -which  one  end  of  the  line  is  due  East  or  West  of 
Ihe  other,  is  here  called  the  Difference  of  Longitude  of  the  two 
ends  of  the  line ;  or  its  Easting  or  Westing  ;  or  its  D^ariwe. 

Latitudes  and  Departures  are  the  most  usual  terms,  and  will  he 
genei'ally  used  hereafter,  for  the  sake  of  brevitj. 

This  subject  may  he  illustrated  geographically,  by  noticing  that 
a  traveller  in  going  from  New-York  to  Buffalo  in  a  straight  line, 
would  go  about  150  miles  due  north,  and  250  miles  due  west. 
These  distances  would  be  the  differences  of  Latitude  and  of  Longi- 
tude between  the  two  places,  or  his  Northing  and  Wesling.  Re- 
turning from  BuEEalo  to  New-Tork,  the  same  distances  would  he 
his  Southing  and  Easting.* 

In  mathematical  language,  the  operation  of  finding  the  Latitude 
and  Longitude  of  a  line  fi-om  its  Bearmg  and  Length,  would  be 
called  the  transformation  of  Polar  Co-ordinates  into  Rectangular 
CoHjrdinatea.  It  consists  in  determining,  by  our  Second  Principle, 
the  posltian  of  a  point  which  had  originally  been  determined  by 
the  Third  Principle.     Thus,  in  the  figure,  (which  is  the  same  as 

"  Itshoulil  berememtieied  that  Ihe  folio  win?  diBcassiotis  of  Ihe  LatilndeB  aiid 
Longitudes  of  the  poims  of  a  aurvey  will  not  always  be  fully  applicable  to  ^ose 
of  diBlant  placeE,  such  as  the  cities  just  nataei!,  iu  consequiMice  of  the  surface  of 
the  eanh  not  being  a,  plane. 
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that  of  Art.(9)),t}ie  point  Sis  determin- 
ed by  the  angle  SAC  and  by  the  dis- 
tance AS.  It  is  also  determined  by  the 
distances  AC  and  CS,  measured  at  right 
angles  to  each  other ;  and  then,  supposing 
OS  to  mn  due  Noi-th  and  South,  CS  n-ill  bo  the  Latitude,  and  AC 
the  Departure  of  tlie  line  AS. 


Q 

/ 

I 

E 

of 


(229)  Calculation  flf  Latiiudcs  auil  teparttires.  Let  AE 
be  a  ^ven  line,  of  which  the  length  t^'s-  isi. 

AB,  and  the  bearing  (or  angle,  BAG, 
■which  it  makes  with  the  Magnetic 
Meridian),  are  known.  It  is  required 
to  find  the  differences  of  Latitude  and 
of  Lon^tude  between  its  two  extremi- 
ties A  and  E :  that  is,  to  find  AC  and 
OB ;  or,  what  is  the  same  thing,  BD 
and  DA. 

It  will  be  at  once  seen  that  AB  is 
the  hypothenuse  of  a  right-angled  tri- 
angle, in  which  the  "Latitude"  and  the  "Departure"  are  the  sides 
about  the  right  angle.     We  therefore  know,  from  the  principh 
trigonometry,  that 

AO=AE.co3.  BAG, 
BO  =  AB .  ain.  BAG. 

Hence,  to  find  tlie  Latitude  of  any  course,  multiply  the  natural 
cosine  of  the  beai'ing  by  the  length  of  the  course ;  and  to  find  the 
Depm-ture  of  any  course,  multiply  the  natural  sine  of  the  bearing 
by  the  lengtli  of  the  course. 

If  &e  course  be  Northerly,  the  Latitude  will  be  North,  and 
will  be  marted  with  the  algebraic  sign  -i-,pliis,  or  additive;  if 
it  be  Southerly,  the  Latitude  will  be  South,  and  will  bo  marked 
with  the  algebraic  sign  — ,  minus,  or  subtractive. 

If  the  course  be  Easterly,  the  Departure  will  be  liast,  and 
marked  4  ,  or  additive ;  if  the  course  be  "Westerly,  tlie  .Departure 
will  be  West,  and  marked  — ,  or  subtractive. 
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(280)  Formulas.  Tlie  rules  of  the  preceding  article  may  be 
expressed  tlius ; 

Latitude  =  Distance  x  cos,  Eeai-ing, 
Departure  =  Distance  X  sin.  Bearing.* 
From  these  foramlas  may  be  obtained  otbers,  by  ivliich,  when 
any  two  of  the  above  four  things  are  given,  the  remaining  two  can 
be  found. 

When  the  Bearing  and  Latitude  are  given; 
Distance  —  ■  ■    -^  —. —  =  Latitude  X  sec.  Bearing, 
Departure  =  Latitude  x  taog.  Bearing. 

Whe^i  the  Bearing  and  departure  ai-e  given  ; 
Distance  =  -. —  ,,,'.■      =^  Depal■tul^3  X  coaec.  Bearing, 
Latitude  =  Departure  x  cotang.  Bearing. 

When  tJie  Distanse  and  Latitude  are  given; 
(Jos.  Bearmg  =  -^--    ■■, 

Departure  =  Latitude  X  tang.  Bearing. 
When  the  Distance  and  Departure  aire  given; 
Sin.  Beariag  =  -^?~^, 

Latitude  =  Departure  X  cotang.  Bearing. 
When  the  Latitude  and  Departure  are  givm  ; 
I'ang,  of  Bearing  =  -r^r)^) 

Distance  =  Latitude  X  sec.  Bearing. 
Still  more  simply,  any  two  of  these  three— Distance,  Latitude 
nnd  Departure — being  given,  we  have 

Distance  =  /(Latitude^  +  Departure^) 
Latitude  =  -/(Distance^  — Departure^) 
Departure  =  VCDistance^  — Latitude^) 

(3§l)  Traverse  Tables.  The  Latitude  and  Dcparfure  of  any 
ilistance,  for  any  bearing,  could  be  found  by  the  method  given  in 
Aii.  (279),  with  the  aid  of  a  table  of  Natural  Sines.     But  to 

*  Whenever  sines,  cosines,  tangents,  &o.,  are  liere  iinuied,  they  menu  tlie  nam 
ral  sines  &u,,  of  an  urc  described  with  a  radius  equal  to  one,  or  to  tie  unit  l>jr 
wliifsb  tbe  sines.  &c,,  are  mensured. 
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facilitate  these  caleulatioaa,  wliicli  are  of  so  frequent  occurrence 
and  of  ao  great  use,  Traverse  Tables  have  been  prepared;  ori^n- 
ally  for  navigators,  (whence  the  name  Traverse),  and  subsequently 
for  surveyors.* 

The  Traverse  Tabie  at  the  end  of  this  volume  gives  the  Latitude 
and  Departure  for  any  bearing,  to  each  quarter  of  a  degree,  and 
for  distances  from  1  to  9. 

To  use  it,  find  in  it  the  number  of  degrees  in  the  bearing,  on 
tlie  left  hand  side  of  the  page,  if  it  be  leas  than  45°,  or  on  the  right 
hand  side  if  it  be  more.  The  numbers  on  the  same  lino  running 
across  the  page,f  are  the  Latitudes  and  Departures  for  that  bear- 
ing, and  for  the  respective  distances — 1,  2,  3,  4,  5,  6,  7,  8,  9,— 
wHch  are  at  the  top  and  bottom  of  the  page,  and  irhioh  may 
represent  chains,  hnks,  rods,  feet,  or  any  otJier  unit.  Thus,  if  the 
bearing  bo  15°,  and  the  distance  1,  the  Latitude  -would  be  0.966 
and  the  Departure  0.259.  Fop  the  same  bearing,  but  a  distance 
of  8,  the  Latitude  would  be  7.727,  and  the  Departure  2.071. 

Any  distance,  however  great,  can  have  its  Latitude  and  Depar- 
ture readily  obtained  from  this  table ;  since,  for  the  same  bearing, 
they  are  directly  proporiional  to  the  distance,  because  of  the  simi- 
lar triangles  which  they  form.  Therefore,  to  find  the  Latitude  or 
Departure  for  60,  multiply  tliat  for  6  by  10,  which  merely  moves 
the  decimal  point  one  place  to  the  right ;  for  500,  multiply  the 
numbers  found  in  tlio  Table  for  5,  by  100,  i.  e.  move  the  decimal 
pomt  two  places  to  the  right,  and  so  on.  Merely  moving  the  deci- 
mal point  to  the  right,  one,  two,  or  more  places,  will  therefore 
enable  tbis  Table  to  ^ve  the  Latitude  and  Departure  for  any  deci- 
mal multiple  of  the  numbers  in  the  Table. 

For  compound  numbers,  such  as  873,  it  is  only  necessary  to 
find  separately  the  Latitudes  and  Departures  of  800,  of  70,  and  of 
3,  and  add  them  together.  But  this  may  be  done,  with  scarcely 
any  risk  of  error,  by  the  following  simple  rule. 

•  The  fitat  Traverse  TflUe  for  Sni-veyors  seems  to  have  been  published  in  ir91, 
by  John  Gale.  The  most  eiteiisive  table  is  that  o(  Oapt.  Boilean,  of  the  Biitiah 
»rmy,  being  calculated  for  every  minute  of  beariog,  and  to  five  decimal  places, 
for  distauces  fi-oni  1  to  10,  The  Table  ic  this  volume  was  calculated  for  it,  aud 
then  compared  with  the  one  just  meationed. 
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Write  down  the  Latitude  aiid  Departuro  for  the  first  figure  of 
the  given  number,  aa  found  in  the  Table,  neglecting  the  decimal 
point ;  write  under  them  the  Latitude  and  Departure  of  the  second 
figure,  setting  them  one  place  farther  to  the  right ;  under  them 
write  the  Latitude  and  Departure  of  the  third  figure,  setting  them 
one  place  farther  to  tlie  right,  and  so  proceed  with  all  the  figures 
of  the  given  number.  Add  up  these  Latitudes  and  Departures, 
and  cut  off  the  three  right  hand  figures.  The  remaining  figures 
will  be  the  Latitude  and  Departure  of  the  ^ven  number  in  links, 
or  chains,  or  feet,  or  whatever  unit  it  was  given  in. 

For  example ;  let  the  Latitude  and  Departure  of  a  course  hav 
ing  a  dbtance  of  873  links,  and  a  bearing  of  20°,  be  required.    In 
the  Table  find  20°,  and  then  take  out  the  Latitude  and  Departure 
for  8,  7  and  3,  in  turn,  placing  them  as  above  directed,  thus: 
Distances.  Latitudes.  Dmartures. 

800  7518  2736 

70  6578  2394 

_3  2819  1026 

873  820.399  298.566 

Taking  the  nearest  whole  numbers  and  rejecting  the  decimals, 
we  find  the  desired  Latitude  and  Departure  to  be  820  and  299.* 

When  a  0  occurs  in  the  given  number,  the  nest  figure  must  be 
set  two  places  to  the  right,  the  reason  of  which  will  appear  from 
the  following  example,  in  which  the  0  is  treated  like  any  other 
number. 

Given  a  bearing  of  35°,  and  a  distance  of  3048  links. 
Distances.  Latitudes.  Departures. 

3000  2457  1721 

000  0000  0000 

40  3277  2294 

8  6553  4589 

3048  2496.323  1748.529 

llere  the  Latitudes  and  Departures  ai-e  2496  and  1749  links. 

•  It  is  frequently  doubtful,  in  many  calcula'ions, 
whether  to  increase  the  precetiiiig  figure  fay  one  or  ni 
13  or  a  with  equal  correctness.    It  is  better  in  su....  ..«=w«  ..«..%,  ...^.v»..^ 

vbole  number,  so  as  to  escspe  ttie  trouble  of  chaiigiug  the  original  fisaie, 

-  -  -■ ---'  ->- "■ "  ' than  one  such  a  case  occui 

laller  iinaiber  should  b«  la 
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Wliea  tlie  bearing  is  over  45°,  the  aames  of  the  columns  musi 
be  read  from  the  bottom  of  the  page,  the  Latitude  of  any  bearing, 
as  60°,  being  the  Departure  of  the  complement  of  this  bearing,  or 
40',  and  the  Departure  of  40°  being  the  Latitude  of  50°,  &c.  The 
reason  ofthiawil!  be  at  once  seen  on  inspectingthe  last  figure,  (page 
170),  and  imagining  the  East  and  West  line  to  become  a  Meri- 
dian. For,  if  AC  he  the  magnetic  meridian,  as  before,  and  there- 
fore BAG  be  the  bearing  of  tlie  course  AB,  then  is  AC  the  Lati- 
tude, and  CB  the  Departure  of  that  course.  But  if  AE  be  tlie 
meridian  and  BAD  (the  complement  of  BAG)  be  the  bearing, 
then  is  AD  (which  is  equal  to  CD)  the  Latitude,  and  DB,  (which 
ia  ec^ual  to  AC),  the  Departure. 

As  an  example  of  this,  let  the  bearing  be  68^°,  and  the  distance 
3469  links.     Proceeding  as  before,  we  have 

Distances.  Latitudes.  Departures. 

3000  1350  2679 

400  1800  3572 

60  2701  5358 

9  4051  8037 


3469.  1561.0G1  3097.817 

The  required  Latitude  and  Departure  are  1561  and  3098  links. 
Li  the  few  casea  occurring  in  Compass-Surveying,  in  which  the 
bearing  is  recorded  as  somewhere  between  the  fractions  of  a  degree 
given  in  the  Table,  its  Latitude  and  Departure  may  be  found  by 
interpolation.  Thns,  if  the  bearing  be  10|°,  take  the  half  e«m  of 
the  Latitudes  and  Departures  for  10^°  and  10^°.  If  it  he  10°  20', 
add  one-third  of  the  difference  between  the  Lats.  and  Deps.  for 
10^  md  for  10  j",  to  those  opposite  to  lO^" ;  and  so  in  any  similar 

The  uses  of  this  table  ai'e  very  varied.  The  prmcipal  applica- 
tions of  it,  which  will  now  he  explained,  are  to  Testing  the  acctt- 
raey  of  surveys;  to  Sif/pplying  omissions  in  them;  to  Platting 
them,  and  to  Calmdating  their  content* 

•TheTraverBaTableadmitGofinany  other  minor  uses.  Thns,  il  may  li8  iiaeJ 
for  solving,  approximately,  any  right-angled  iriangle  by  iiiei'e  iuBpection,  tha 
beaiing  being  taken  for  one  of  the  acute  angles  ;  ihe  Latitucle  being  the  side  ad- 
jacent, the  Depai'tQi-e  tlis  eide  oppoeile,  and  the  Diatanne  the  hjpollieniise.  A.of 
two  of  these  beiu"  given,  the  ofliers  ai-e  given  by  the  Table.    The  Table  will 
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(2S2)  Application  t«  Testinff  a  Survey.  It  is  self-evident, 
that  when  the  surveyor  haa  goae  completely  arouni  a  field  or 
farm,  taking  the  beariuga  and  distances  of  each  boundary  line,  till 
ho  ha3  got  back  to  the  starting  point,  that  he  has  gone  precisely 
as  far  South  as  North,  and  aa  far  West  as  East.  But  the  sum  of 
the  North  Lalifcudes  tells  how  far  North  he  has  gone,  and  the  aum 
of  the  South  Iiatitudea  how  far  South  he  has  gone.  Hence  tlieao 
two  sums  will  be  equal  to  each  other,  if  the  survey  Las  been  cor- 
rectly made.  In  like  manner,  the  sums  of  the  East  and  of  the 
West  Departures  must  also  be  equal  to  each  other. 

We  will  apply  this  principle  to  testing  the  accuracy  of  the  sui^ 
vey  of  which  Fig.  175,  page  161,  is  a  plat.  Prepare  seven 
columnB,  and  head  thesn  as  below.  Find  the  Latitude  and  Depar- 
ture of  each  courae  to  the  nearest  link,  and  write  them  in  their 
appropriate  columns.  Add  up  these  columns.  Then  will  the 
difference  between  the  sums  of  the  North  and  South  Latitudes, 
and  between  the  sums  of  the  East  and  West  Departures,  indicate 
the  degree  of  accuracy  of  the  survey. 


STATION. 

BEARING. 

DISTANCE. 

LATITDDE. 

MPAETL-UE. 

N. 

S. 

E. 

W. 

1 

2 
3 
4 
6 

S.  S5°  E. 

N.  S3 J°  E. 
S.  6T°  B. 
S.  34>°W. 
N.56i°W. 

2.J0 
1.29 

2.22 
3.65 
3.23 

2.21 
.15 

1.78 

1.21 

2.93 

1.66 
1.2S 
1.86 

2.00 
2.69 

4.14   1  4.14 

4.69 

4.69 

The  entire  work  of  the  above  example  is  given  below. 

35C         1638  1147  34^°       2480  1688 

57340  40150  4133  2814 

41S3  2814 

'270.   221.140     154.850         

355.   293.463  199.764 


(36))  ;  fur,  look  in  tlie  column  of  bearings  lax  tlis  elnpe  of  the  gvouniJ,  i.  5 
angie  it  makcB  witii  the  hoi'izon,  find  the  given  distance,  and  the  Lnlilutle  3 
apoiiding  will  be  thn  desived  horizontal  meaauremeiit,  and  the  diffBieiice  bel' 
it  mid  the  Dia'.BOco  will  bo  the  allowance  Co  be  made 


ihe 
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113  994 

226  1987 

1019  8942 


1089 
1089 


mo       1656 
1104 
165B 

2502 
1668 
2502 

823.       178.206 

269.382 

The  nearest  link  ia  taken 
to  be  inserted  in  the  Table, 
and  tke  remaining  Decimals 
are  neglected. 

222.  120.879  186.147 

In  the  jireceJing  example  the  respective  sums  were  found  to  be 
exactly  equal.  THa,  howeyer,  ivill  rarely  occur  in  an  extensive 
survey.  If  the  difference  be  great,  it  indicates  some  mistake,  and 
the  survey  must  be  repeated  nith  greater  care;  but  if  tho  differ- 
ence be  f^mall  it  indicates,  not  absolute  errors,  but  only  inaccura- 
cies, unavoidable  in  surreys  -vvith  the  compass,  and  the  survey  may 


How  great  a  difference  in  the  sums  of  the  columns  may  bo 
allowed,  as  not  necessitating  a  new  suiTey,  is  a  dubious  point. 
Some  surveyors  would  admit  a  difference  of  1  link  for  every  3 
chains  in  the  sum  of  the  courses :  others  only  1  link  for  every  10 
chains.  One  writer  puts  the  limit:  at  5  links  for  each  station ; 
another  at  25  links  in  a  survey  of  100  acres.  But  every  praetieal 
Burveyor  soon  leama  how  near  to  an  equality  his  instrument  and 
his  skill  will  enable  him  to  come  in  ordinary  eases,  and  can  there- 
fore establish  a  standard  for  himself,  by  which  he  can  judge  whether 
the  difference,  in  any  survey  of  his  own,  is  probably  the  result  of 
an  error,  or  only  of  hJs  customary  degree  of  inaceuraey,  two  things 
to  be  very  carefully  distinguished.* 

(283)    Apsdication  to  sappljing  omissions.     Any  two  omia 

sions  in  the  Field-notes  can  be  supplied  by  a  proper  use  of  tlie 
method  of  Latitudes  and  Departures ;  as  wiU  be  explained  in  Part 
V0,  which  treats  of  "  Obstacles  to  Measurement,"  under  which 
head  this  subject  most  appropriately  belongs,  Ent  a  knowledge 
of  the  fact  that  aay  two  omissions  can  be  supplied,  should  not  lead 
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the  young  surveyor  to  be  negligent  in  maldng  every  possible  mea- 
surement, since  an  omission  rendei-s  it  necessary  to  assume  all  the 
not«3  taken  to  be  con-ect,  the  means  of  testing  them  no  longer 
exiating. 


(284)  BalancJDg  a  Surrey.  The  subsetjuent  applicationa  of 
this  method  require  the  survey  to  be  previously  Balanced.  Thia 
operation  consists  in  correeting  the  Latitudes  and  Departures  of 
the  courses,  so  that  their  sums  shall  be  equal,  and  thus  "  balance." 
This  is  usually  done  by  distributing  the  differences  of  tiie  sums 
among  the  courses  in  proportion  to  their  lengtli ;  saying,  As  the 
sum  of  the  lengths  of  all  the  courses  is  to  the  whole  difference  of 
the  Latitudes,  So  is  the  leugth  of  each  course  To  the  correction 
of  its  Latitude.     A  similar  proportion  corrects  the  Departures,* 

It  is  not  often  necessary  to  make  the  exact  proportion,  as  the 
correction  can  usually  be  ma^Je,  with  sufficient  accuracy,  by  noting 
how  touch  per  chain  it  should  hs,  and  correcting  accordingly. 

Li  the  example  given  below,  the  diSerences  have  purposely  been 
made  considerable.  The  corrected  Latitudes  and  Departures  have 
been  here  inserted  m  four  additional  columns,  but  in  practice  they 
should  be  written  in  red  iiik  over  the  original  Latitudes  and 
;,  and  the  latter  crossed  out  with  red  ink. 


.,.. 

B.....a, 

.„. 

lATlTDDEa.     1     DEP'lUEEa. 

L^TOT™^ 

dZr^^. 

H.+ 

S.~    E.+ 

W.— 

N.+ 

8,— 

E.+ 

w.— 

1 

2 

a  29 i°  K- 
s.  sirw. 

N.  61"  W. 

10.63 
4.10 
7.69 
1.18 

6.64 
B.46 

S.Efl 
6.54 

8.38 

4.05 
6.24 

6.att 
B.48 

IS-. 

8.S4 
2.01 

4,08 
6.2T 

29.65 

10.00 

10.10 

10.41 

10. -29 

10.06 

10.06 

10.SS 

10.86 

The  corrections  are  made  by  the  following  proportions ;  the 
nearest  whole  numbers  being  taken : 


12  ■:  2 
12  :  3 
12  :  3 


F<ir  tli6  Latitudes. 

Jlw  tits  Depar 

29.66  :  10.63  : ;  10 
29.56  :     4.10  :;  10 
29.55  ;     7.69  :;  10 
29.65  ;    7.13  ; :  10 

i 
1 

3 

2 

29.55  :  10.63  ; 
39.66  ;    4.10  : 
29.55  :     7.69  : 
29.55  :     7.13  : 

10 

•  A  aemonelrntion  of  th 
"  yiiB  AnaljEt." 

'  '"'" 

pk 

12 

en  by  Dr.  Bowditdi,  1 
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This  rule  is  not  always  to  be  strictly  followed.  If  one  lino  of  a 
survey  has  been  measured  over  ve?y  uneven  and  rough  ground,  or 
if  its  bearing  baa  been  taken  -with  an  indistinct  sight,  while  the 
other  linea  have  beea  measured  over  level  and  clear  ground,  it  is 
probable  that  most  of  the  error  baa  occurred  on  tliat  line,  and  the 
correction  should  be  chiefly  made  on  ita  Latitude  and  Departure. 

If  a  slight  change  of  the  bearing  of  a  long  course  will  favor  the 
Balancing,  it  should  be  so  changed,  since  the  compass  is  much 
more  subject  to  error  than  the  cham.  So,  too,  if  shortoning  any 
doubtful  line  will  favor  the  Balancing,  it  should  be  done,  since  dis- 
tances are  generally  measured  too  long, 

(285)  Application  to  Platting,     llule  three  columns  ;  one  for 
the  next  for  total  Latitudes ;  and  the  third  for  total  De- 
Fill  the  last  two  columns  by  be^nuing  at  any  conven- 
ion  (the  extreme  East  or  West  is  best)  and  addmg  up 
ically)  the  Latitudes  of  the  following  stations,  noticing 
that  the  South  Ljfllitudea  are  subtractive.     Do  the  same  for  the 
Departures,  observing  thattbe  Westerly  ones  are  also  subtractive. 
Taking  the  example  given  on  page  175,  Art.  (283),  and  begin- 
ning with  Station  1,  the  following  will  be  the  results : 


Stati 
partures. 
ient  siati 
(algebrai 


TOTS  I.  LATITUDES 

TOTAL  EEPiEILTRES 

I 

3 

4 
5 
1 

0.00 

4-2.21  N. 
+2.36  N. 
-f  1.15  N. 
—1.78  8. 
0.00 

0.00 
-f  1.55  E. 

+2.83  E. 

+4.69  E. 

+  2.69  E. 

0,00 

It  will  be  seen  that  the  work  proves  itself,  by  the  total 
Latitudes  and  Departures  for  Station  1,  again  coming  out  equal 
to  zero. 

To  use  this  table,  draw  a  meridian  through  the  pomt  taken  for 

Station  1,  as  in  the  figure  on  the  following  page.     Set  off,  upward 

from  this,  along  the  meridian,  the  Latitude,  221  links,  to  A,  and 

from  A,  to  the  right  perpendicularly,  set  off  the  Departure,  155 

imks.*     This  gives  the  point  2.     Join  1....2.     From  1  again,  set 

*  This  is  moat  easily  done  with  tlie  aid  of  a  right-angled  triangle,  alidiiig  one 
of  the  Bides  adjacent  to  ihe  rigiit  angle  along  the  olade  of  the  Bquore,  to  wliicii 
Uie  other  side  will  then  be  pei-pendiculm'. 
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Latitudes  and  Departures. 


off,  upward,  236 
Hnks,  to  B,  and  from 
B,  to  the  right,  per- 
pend! eularlj,  set  off 
283  links,  which  -will 
fix  the  point  3,  Join 
2. ...3  ;  and  so  pro- 
ceed, setting  off 
North  Latitudes 
along  the  Meridian  n 
upwards,  and  South 
Latitudes  along  it 
downwards ;       East 


A 


perpen- 
dicularly to  the  right, 
and  West  Depaiv 
tures  perpendicularly  to  the  left. 

The  advantages  of  &ia  method  are  its  rapidity,  ease  and  accu- 
racy ;  the  impossibility  of  any  error  in  plattang  any  one  course 
affecting  the  following  points ;  and  the  certainty  of  the  plat  "  cont> 
ing  together,"  if  the  Latitudea  and  Departures  have  been  "  Bal- 
anced." 
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€1LCTLATISG  THE   CONTEST. 

(2S6)  Methods.  When  a  field  haa  been  platted,  hj  wlut 
ever  method  it  may  have  been  surveyed,  its  content  can  be  obtaiaeij 
from  its  plat  by  dividing  it  np  inix)  triangles,  and  measuring  od 
the  plat  their  basea  and  perpendiculars ;  or  by  any  of  tlie  otlier 
means  explained  In  Part  I,  Chapter  IV. 

But  these  are  only  appcoxLmate  methods ;  their  degree  of  accuracy 
depending  on  the  largeness  of  scale  of  the  plat,  and  the  skill  of  the 
draftsman.  The  invaluable  method  of  Latitudes  and  Departures 
gives  another  means,  perfectly  accurate,  and  not  requiring  the 
previous  preparation  of  a  plat.  It  is  sometimes  called  the  Eectat- 
gular,  or  the  Pennsylvania,  or  Kittenhouse'a,  metliod  of  calculation.' 

(287)  DefiuUioas.  Imagine  a  Meridian  line  to  pass  through 
the  extreme  East  or  West  corner  of  a  field.  According  to  the 
definitions  established  in  Chapter  V,  Art.  (218),  (and  here  reea^ 
pitulated  for  convenience  of  reference),  the  perpendicular  "distance 
of  each  Station  from  that  Meridian,  is  the  Longitude  of  tliat  Sta- 
tion ;  additive,  or  pltie,  if  East ;  subtractive,  or  miniis,  if  West. 
The  distance  of  the  middle  of  any  line,  such  as  a  side  of  the 
Geld,  from  the  Meridian,  is  called  the  Longitude  of  that  side.-f 
The  difference  of  the  Longitudes  of  tlie  two  ends  of  a  line  is  called 
the  H^artwre  of  that  line.  The  difference  of  the  Latitudes  of  the 
two  ends  of  a  line  is  called  the  Latititde  of  the  line. 

*  It  is,  liowevei',  subslantially  llie 
determine  the  areas  of  right  lined  figi 
ago. 

t  TliB  plirasB  "  Meridian  Distance,"  is  gensrDlly  need  for  what  is  hero  called 
'  Iiongitode";  bnt  the  analogy  of  '■  Diffeieiicea  of  Longitude"  with  "  Differeneei 
nf  Latitude,''  usunlly  but  BUomaloHsly  united  whb  the  word  "  Depaittire,"  bun 
rowed  from  Navigation,  seenis  tn  put  beyond  all  tincalion  the  ]iroprii;ly  of  the 
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(288)  Longitudes.  To  g\o  moie  ilefimteness  to  tlie  develop 
ment  of  this  eubject,  tlie  figuie  m  the  mii^in  will  be  referred  to, 
and  may  be  considered  to  repescnt  iny  spice  end  sed  bystraiglit 
lines. 

Let  KS  be  tlie  Meridian  paasmg  tl  to  iji  the  e\tieme  Wostcil^ 
Station  of  the  field  AECDE.  Erom  i     i  3. 

the  middle  and  ends  of  eac 
draw  perpendiculars  to  the  Meridi- 
an. These  perpendiculars  ivill  be 
the  Lonf/itudes  and  Departures  of 
the  respective  sides.  The  Longi- 
tude, EG,  of  the  first  eotvrse,  AB, 
la  evidently  equal  to  half  its  Depar- 
ture HE.  The  Longitude,  JK,  of 
the  second  course,  BO,  is  equal  to  j^J 
JL  -I-  LM  +  MK,  or  equal  to  the 
Longitude  of  the  preceding  course, 
plus  half  its  Depai-ture,  plus  half 
the  Departure  of  the  course  itself. 
The  Longitude,  TZ,  of  some  other 
course,  as  EA,  taken  anywhere,  is 
equal  to  WX  —  VX  —  UV,  or  equal  to  the  Longitude  of  the  pre- 
ceding course,  minus  half  its  Departure,  minus  half  the  Departure 
of  the  coui-sc  itself,  i.  e.  equal  to  the  Algehraic  sum  of  these  three 
parts,  remembering  that  Westerly  Departures  are  negative,  and 
therefore  to  be  subtracted  when  the  directions  are  to  make  an 
Algehraic  addition. 

To  avoid  fractions,  it  will  be  bettor  to  double  each  of  the  preced- 
ing expressions.     We  shall  then  have  a 

GENERAL  RULE  FOR  FINDING  DOUBLE  LONGITUDES. 
The  Dovhle  Longitude  of  the  first  cotiESB  is  equal  to  its  Bs- 


The  Doulle  Longitude  of  the  second  couiise  is  equal  to  the 
Bmhle  Longitude  of  the  first  course,  plus  the  Departure  of  that 
course,  plus  the  Departure  of  the  second  course. 

The  Double  Longitude  of  the  THIRD  course  is  equal  to  the 
Double  Longitude  of  the  second  course,  plus  the  Departure  of  thai 
Tjurse,  plus  the  Departure  of  the  course  itsef. 
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The  BoyhU  Longitude,  of  any  course  is  equal  to  the  Douhlt 
Longitv,de  of  the  preceding  course^  plus  the  Departure  of  that 
course,  jj^ms  the  Departure  of  tJie  course  itself* 

The  Double  Lon^tude  of  the  last  course  (as  well  as  of  tiie  first) 
13  equal  to  its  Departure.  Its  "  coming  out"  so,  when  obtained 
by  the  above  rule,  proves  the  accuracy  of  the  calculation  of  all  tJio 
nreeediaf'  Double  Lonffltucles. 


(289)  Areas.  We  lyill  now  proceed  to  find  the  Area,  or  Con- 
tent of  a  field,  by  means  of  the  "Double  Longitudes"  of  its  eides, 
which  can  be  readily  obtained  by  the  preceding  rale,  -whatever  their 
number. 


(290)  Beginning  with  a  three-sided  field,  ABC  in  the  figure,  draw 
a  Meridian  through  A,  and  draw  perpendi- 
culars to  it  as  in  the  last  figure.  It  is 
plain  that  its  content  is  equal  to  the  differ- 
ence of  the  areas  of  the  Trapezoid  DBCE, 
and  of  the  Triangles  AED  and  ACE. 

The  area  of  the  Triangle  ABD  is  equal 
to  the  product  of  AD  by  half  of  DB,  or  to 
the  product  of  AD  by  FG ;  i.  e.  equal  to 
the  product  of  the  Latitude  of  the  1st  course 
by  its  Longitude. 

The  area  of  the  Trapezoid  DBCE  is  equal 
to  the  product  of  DE  by  half  the  sum  of  DE 
and  CE,  or  by  HJ;  i,  e,  to  the  product  of 
tho  Latitude  of  the  2d  course  by  its  Longitude. 

The  area  of  tbe  Triangle  ACE  ia  equal  to  the  product  of  AE  by 
half  EC,  or  by  KL ;  i,  e.  to  the  product  of  tlie  Latitude  of  the  3d 
course  by  its  Lon^tude. 

Calling  the  products  in  which  the  Latitude  was  North,  North 
Products,  and  the  products  in  which  the  Latitude  was  South, 
South  Products,  we  shall  find  the  area  of  the  Trapezoid  to  be  a 
South  Product,  and  the  areas  of  the  Triangles  to  be  North  Pro- 
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diiots.  The  Differenoe  of  the  North  Products  and  the  SoutJi 
Products  i»  therefore  Hie  desired  area  of  the  iJiree-stded  field  AEG. 
Using  tlie  Double  Longitudes,  (in  order  to  avoid  fractions),  in 
eacli  of  the  preceding  products,  tlieir  clifference  will  be  tlio  double 
area  of  tJie  Ti'iangle  AEC. 


(291)  Taking  now  a  four-sided  field,  ABCD  in  the  ligure,  and 
drawing  a  Meridian  and  Longitudes  as  be-  fig,  i-.c. 

fore,  it  ia  seen,  on  inspection,  that  its  area    M 
would  he  obtained  hy  taking  the  two  Trian- 
gles, ABE,  ADG,  from  the  figure  EBCDGE, 
or  from  the  sum  of  the  two  Trapezoids  EBCF 
and  FCDG. 

The  area  of  the  Triangle  AEE  will  be 
found,  as  in  the  last  article,  to  be  equal  to 
the  product  of  the  Latitude  of  the  lat  course 
by  its  Longitude.  The  Product  will  be 
iforth. 

The  area  of  the  Trapezoid  EECE  will  be  . 
found  to  equal  the  Latitude  of  the  2d  eourec 
by  its  Longitnde.  The  product  will  he 
South. 

The  area  of  the  Trapezoid  FCDG-  will  be  found  to  equal  the 
product  of  the  Latitude  of  the  3d  course  by  its  Longitude.  The 
product  will  he  South. 

The  area  of  the  Triangle  ADG  will  he  found  to  equal  the  pro- 
duet  of  the  Latitude  of  the  4th  course  by  its  Longitude.  The  pro- 
duct will  be  North. 

The  difference  of  the  North  and  South  products  toill  tkero' 
fore  he  tJie  desired  area  of  the  four-sided  field  ABCD. 

Using  the  Double  Ijongitude  as  before,  in  each  of  the  preceding 
products,  their  difference  mil  bo  double  the  area  of  the  field. 

(292)  Whateyer  the  number  or  dhections  of  the  sides  of  a  field, 
or  of  any  space  enclosed  by  straight  linos,  its  area  will  always  be 
equal  to  half  of  the-  difference  of  the  North  and  South  Product 
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arising  from  multipljing  togetlier  tlic  Latitude  and  Double  Longi- 
tude of  each  course  or  side. 

We  have  therefore  the  following 

GENERAL  RULE  FOR  FINDING  AREAS. 

1.  Prepare  ten  columns,  headed  as  in  the  example  below,  and 
in  the  first  three  torite  the  Stations,  Bearings  and  Distances. 

2.  Mnd  the  Latitudes  and  Departures  of  each  course,  hy  the 
Traverse  Table,  as  directed  in  Art.  (281),  placing  them  in  the 
four  following  columns. 

3.  Balance  them,  as  in  Art.  (284),  correcting  them  in  red  ink. 

4.  Find  the  Double  Longitudes,  as  in  Art.  (288),  t^ith  refer- 
ence to  a  Meridian  passing  through  the  extreme  Llast  or  West 
Station,  and  place  Uiem  in  the  eighth  column. 

6.  Multiply  the  Double  Longitude  of  each  course  hy  the  cor- 
rected Latitude  of  that  course,  placing  the  North  Products  in  the 
mnih  column,  and  the  South  Products  i-n,  the  tenth  column. 

6.  Add  up  the  last  two,  columns,  subtract  the  smaller  sum  from 
the  larger,  and  divide  the  difference  lij  tvo  The  quctient  tcill 
be  the  content  desired. 

(29B)  To  find  tlie  most  Eaateilj  oi  AVe'ftt.ily  fatition  of  i  tof- 
vey,  without  a  plat,  it  is  best  to  malie  i  rough  hind  sketch  of  the 
Burvej,  drawing  the  lines  in  an  ^pproxunihm  to  their  tiuo  direc- 
tions, by  dramng  a  Nortli  au^  bonth,  and  Eiat  ^  I  IVeat  lines, 
and  coAsidering  the  Bearings  as  fractional  paits  of  a  right  angle, 
or  90° ;  a  course  N,  45°  E,  foi  examjle,  being  ctiaivn  about  half 
way  between  a  North  and  an  Eist  dnection ,  a  courjae  N  28°  W- 
being  not  quite  one-third  of  tbe  way  iround  from  Noith  to  West ; 
and  80  on,  drawing  them  of  appioxim^tfly  tiue  proportioml  lengths. 

(594)  Dxample  1,  given  below,  refers  to  the  five-sided  field,  of 
which  a  plat  is  given  in  JPlg.  175,  page  151,  and  the  Latitudes  and 
Departures  of  which  were  calculated  in  Art.  (282),  page  175. 
Station  1  is  the  most  Westerly  Station,  and  the  Meridian  will  be 
lapposed  to  pass  through  it.     The  Double  Longitudes  are  best 
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found  by  a  eontraual  addition  and  subtraction, 
as  in  tlie  margin,  ivliere  they  are  marked  D.  L. 
The  Double  Longitude  of  tJie  last  course  comes 
out  equal  to  its  Departure,  thus  proving  the 
•work. 

The  Double  Longitudes  being  thus  obtained, 
ai-e  multiplied  by  the  corresponding  Latitudes, 
and  the  content  of  the  field  obta,ined  aa  directed 
in  the  General  Kulc. 

This  example  may  servo  as  a  pattern  for  the 
most  compact  manner  of  arranging  the  work. 


sri. 

-i-  1,55 

+  1,28 

ii 

+  4.38  D,  L. 

+  1.98 

+  7.52  D.  L. 

+  i.ae 

i 

+  7.38  D.  L, 
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-  2,ti3 

s 

+  a.69  D.  t.- 
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H.— 

E.+ 
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N-  + 

a.— 
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a.70 

V'/I 

1  :-■>-■. 

4-1,55 

113.4955 

>).  834-  B. 

1.29 

.1,-. 

I,'2K 

0,6570 

S.  57°  E. 

H.23 

i.wr 

9.0992 

s,  aj^o  w 

y.»3 

a.fid 

+  7.3S 

S1.6S34 

5 

X.  Sfi^"  w 

3.53 

1.7H 

+  2,69 

114,7882 

4.Ul4.14J*.oa  I  4. 

6'oji(eK*=lA.  OR.  15P. 

(295)  Tho  Meridian  might  equally  well  have 
been  supposed  to  pass  through  the  most  Easterly 
fltatior.,  4  in  the  figure.  The  Double  Longitudes 
could  then  have  been  calculated  as  in  the  mar- 
gin. They  will  of  course  be  all  West,  or  minus. 
The  products  being  then  calculated,  the  sum  of 
the  North  products  will  be  found  to  be  29,9625, 
and  of  the  South  products  8.1106,  and  their 
difference  to  be  21,8519,  the  same  rosult  as  he- 
fore. 


STA 

—  2.00 

.1 

—  6.69  D.  L. 

+  1,55 

1 

—  7:83  D.  L, 

-f  l..'>5 

+  1.28 

—  S.OO  D  L. 

+  1.9S 

■i 

—  i.sa 

(2{HJ)  A  numbei  of  examples,  with  and  i\ithout  answers,  will 
now  be  given  a-,  exercises  foi  the  student,  who  should  plat  them 
by  some  of  the  methods  gn  en  in  the  preceding  chapter,  using  each 
of  them  at  least  once  lie  should  then  calculate  then  content  by 
the  method  just  given,  and  check  it,  by  also  calculating  the  area  of 
the  plat  by  some  of  the  Geometrical  or  Instrumental  methods  given 
in  Pa.rt  I,  Chapter  IV ;  for  no  single  calculation  ia  ever  reliable. 
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All  tlie  examples  (except  the  last)  are  from  the  author'3  actuai 
surveys. 


Example  2,  given  lielow,  is 
also  fully  worked  out,  as  anoth- 
er pattern  for  tlie  student,  wlic 
need  have  no  difficulty  with  any 
possible  case  if  he  stnctly  fol- 
lows the  directions  which  have 
been  ^ven.  The  plat  is  on  a 
scale  of  2  chains  to  1  inch, 
(=1:1584). 


.T.TIO. 

»>:ar.n<^s. 

.Z'.s. 

LATITUD1!S 

DEi^'TUnHS 

LOKOITUBES. 

BO«B..*B..,.| 

«.4-iS— 

E.+ 

N.+ 

S, — 

5 

N.  m"  B. 
N.  76"    W 
S.  24^°  W 
S.48°    E, 
8,  12^°  E. 
8.77°    B. 

e.8i 

3.20 

I'.'oS 
1.12 

.77 

1.04 

i!oo 

.24 

3.(1 

.47 

-J-(i.56 
4-4.03 

18.0400 
3.1185 

.4888 
1,1626 
!,74CS 
1.613a 

3,52 

a.52 

■J.M 

■J/oti 

21.1585 
6,01 16 

6.0JJS 

Content^OA.  8R.  IP. 


Example  3. 

8TA. 

BBAEINa. 

DXSTANCE. 

1 
2 

4 

N.52°    E. 
S.  29}°  B. 
S.  311°  W. 
N.61*  W. 

10.64 

4.09 
T.68 
7.24 

Ans.     4A.  3R.  28P. 
Uxample  5. 


Example  4. 


STA 

BEARING. 

DISTASCB. 

1 

2 
8 
4 

S.    21°  W. 

N.  83J°E. 
N.  12°  E. 
N.  47°W. 

12.41 

5.86 
8.26 
4.24 

Ans.     4A.  2B.  37P. 
Example  6. 


STA 

BEAEING. 

DISTASCE. 

STA 

BEARING. 

DISTANCE. 

1 

2 
3 
4 
5 

N.  34i°E. 
N.86'  E. 
S.,66  'E. 
S.  84  »  W. 
N. 56  •  W. 

2.73 
1.28 
2.20 
3.63 
3.20 

1 

2 
3 
4 
6 
6 

ff.  35°     E. 

S.  661°  E. 
S.  34'   W. 
N.  66°    W. 
S.  29S°  W. 
N.  48f°  W. 

6.49 

14.16 
5.10 
6.84 
2.62 
SV3 

H 

m.    lA.  01 

S.  14P. 
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Example  7. 


Sxmwple  8, 


8TA. 

33EABING. 

DISTAHCE. 

STA. 

BEARING. 

DISTANCE. 

1 

S. 21i' W. 

n.62 

1 

S.  651"  E. 

4.93 

'/. 

S.  34"    W. 

10.00 

2 

S.  68°   E. 

8.66 

3 

N.  66°  W. 

14.15 

3 

S.  14J°  W. 

20.69 

4 

N.  84°    B. 

9.76 

4 

S.  47°    W. 

0.60 

ft 

N.  67°    E. 

2.30 

.1 

S.  571"  W. 
N.  66*   W. 

8.98 

« 

tf.  23"    E. 

7.03 

6 

12.90 

7 

N.  181°  E. 

4.43 

7 

S.  34°    E. 

10.00 

8 

S.  76i°  E. 

12.41 

8 

N.  211  E. 

17.62 

Example  9. 


STA. 

BEARING. 

DISTANCE. 

1 

S.67°    E. 

6.77 

2 

S.  361°  W. 

2.25 

3 

S.  391°  W. 

1.00 

4 

S.  701°  W. 

1.04 

,») 

n.  68}°  w. 

1.23 

6 

N.  66°    W. 

2.19 

1 

S.  331°  E. 

1.05 

8 

N,  661°  W. 

1.54 

9 

N. S3J°  E. 

3.18 

Ant.    2A.  OE,  32P. 


JUxample 

11. 

JTA. 

BEARING. 

DISTANCE. 

1 

N.  181°  E. 

1.93 

2 

N.  9°      ^¥. 

1.29 

3 

N.  14°    W. 

2.71 

4 

N.  74°    E. 

0.95 

5 

S.  48  °  E. 

1.59 

6 

S  14  °  E. 

1.14 

7 

S  19  °  E. 

2.15 

8 

S.  23  °  W. 

1.22 

S.  6°      W. 

1.40 

10 

S.  30°    W 

1.02 

11 

S.  81J°  W 

0.69 

12 

N.  325"  W. 

1.98 

Example  10. 


STA. 

BEARING. 

DISTANCE. 

1 

Sr.  63°  51'  W. 

6.91 

2 

N.  63"  44'  W 

7.26 

3 

N.  69"  36'  W. 

8.84 

4 

\.  77°  60'  W. 

6.64 

5 

N.  81°  24'  E. 

14.38 

6 

N.  31°  18'  E. 

16.81 

7 

S.  68"  55'  E. 

13.64 

8 

S.  68°  42'  E. 

11.64 

9 

S.  83°  45'  W 

81.65 

Ans.     74  Acres. 
Example  12, 


STA. 

BEARING. 

DISTANCE. 

1 

N.  72j"  E. 

0.88 

2 

S.  204°  E. 

0.22 

? 

S.  63°    E. 

0.75 

4 

N,  51°    E. 

2.36 

5 

!7.  44°    E. 

1.10 

6 

N.  25J°  W. 

1.96 

7 

N.  81"    W. 
S.  29°    W. 

1.05 

S 

1.63 

9 

N.  711°  W. 

0.81 

10 

N.  13|°  W. 

1.17 

11 

N.  63"    W. 

1.28 

IS 

VTosl. 

1.68 

13 

N.  49°    W. 

0.80 

14 

S.  19J    E. 

6.20 
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Example  13.  A  farm  is  described  in  an  old  Deed,  as  bounded 
thus.  Beginning  at  a  pile  of  stones,  and  running  thence  twenty- 
Beven  chains  and  seventy  links  Sonth-Easterly  sixty-six  and  a  half 
degrees  to  a  Trhite-oak  stump ;  tlieuce  eleven  chains  and  sixteen 
links  North-Easterly  twen-  f;*;.  iat. 

ty  and  a  half  degrees  to  a 
hickory  tree ;  thence  two 
chains  and  thirtj-fivo  links 
North-Easterly  thirty-sLx 
degrees  to  the  South-Eaat- 
erly  corner  of  the  home- 
stead ;  tlienee  nineteen 
ehaina  and  thirty-two  links 
North-Easterly  twenty-six 
degrees  to  a  stone  set  in  ■ 
the  ground ;  thence  twenty- 
eight  chains  and  eighty  links 
North-Westerly  sixty-six 
degrees  to  a  pine  stump ; 
tlience  thirty-three  chains  and  nineteen  links  South-Westeriy 
twenty-two  degrees  to  the  place  of  beginning,  containing  ninety-two 
acres,  be  the  same  more  or  less.     Bec[uired  the  exact  content. 


(297)  Mascheroni's  Theorem.     The  surface  of  a 
is  equal  to  half  the  sum  of  the  products  of  its  sides  ( 
one  side')  taken  two  and  two,  into  the  sines  of  the  angles  wMeh 
those  sides  make  with  each  other. 


Thus,  take  any  polygon,  such  as  the  -five- 
eided  one  in  the  figure.  Express  the  angle  which 
Ehe  directions  of  any  two  sides,  as  AE,  CD,  make 
with  each  other,  thug  (ABaOD).  Then  will 
the  content  of  that  polygon  be,  as  below ; 

=  J  [AB  .  BO  ,  sin  (AB  A  13C)  +  AE  .  CD  . 
-f  AB  .  DB  sin  (AB  A  DE)  +  BC  ;  CD  . 
f  BC  .  DE  .  sin  (EC  A  DE)  -|-  CD  .  DE  . 
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The  demonstration  consists  merely  in  dividing  the  polygon  into 
triangles  by  lines  drawn  from  any  angle,  (as  A)  ;  tlien  expressing 
the  area,  of  each  triangle  by  half  the  product  of  its  hase  and  the 
perpendicular  let  fall  upon  it  froro  the  above  nameJ  angle;  and 
finally  separating  the  perpendicular  into  parts  which  can  each  ba 
expressed  by  the  product  of  some  one  side  into  the  sine  of  the 
angle  made  by  it  with  another  side.  Tiie  sum  of  these  triangles 
equals  the  polygon. 

The  expressions  are  simplified  by  dividing  the  proposed  polygon 
into  two  parte  by  a  diagonal,  and  computing  the  area  of  each  part 
separately,  making  the  diagonal  the  aide  omitted.* 


CHAPTER  VII. 

THE  VABrATlOS  OV  THE  MAGKETIC  NEEDLE. 

(298)  Deliilitions.      The  Magnetic  Meridian  is  the  i''s- 
direction  indicated  by  the  Magnetic  Needle.     The  25'we     \   , 
Meridian  is  a  true  Noith  and  South  line,  which,  if  pro- 
duced, would  pass  through  the  poles  of  the  earth.     The 
Variation,   or   Declination,  of  the  needle  is  the  angle 
which  one  of  these  lines  makes  iMth  the  other,  f 

In  the  figure,  if  NS  lepresent  the  direction  of  the  True 
Meridian,  and  N'S'  the  direction  of  the  Magnetic  Meri- 
dian at  any  pla«e,  then  is  the  angle  NAN'  the  Variation 
of  the  Needle  at  that  place. 

(299)  Direction  of  Needle.  The  directions  of  these  tivomeii- 
dians  do  not  generally  coincide,  but  the  needle  in  most  places 
points  to  the  East  or  to  the  "West  of  the  tiue  North,  more  or  less 

'  Tlic  original  Theorem  ia  usually_  accredited  to  Lliuillier,  of  Geneva,  who  pub- 
liihed  it  in  1789.  But  MaBoheroui,  the  ingenious  author  of  die  "  Geomeliy  of 
the  Oompaases,"  had  published  it  at  Pavia,  two  years  previouialy.  Tlie  method 
is  well  developed  in  Prof.  Whitlock'a  "  Blemeats  of  Georaelry.'' 

i  "  Declination''  is  the  more  oorrect  terra,  end  '*  Variation"  Eliould  he  reserved 
for  the  i:7ia»r-e  in  the  Declination  which  wil!  be  conaMered  in  the  nest  cliaplerj 
but  uuatoin  has  established  the  use  of  Variation  ill  tlie  aenae  of  DeclJuatinH. 
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accordbg  to  the  locality.  Observations  of  tlio  amount  and  the 
direcfcioa  of  tbla  variation  have  been  made  in  nearly  all  parts  of  the 
world.  In  the  United  States  the  Variation  in  the  Eastern  States 
is  Westerly,  and  in  the  Western  States  is  Easterly,  as  will  bo 
^ven  in  detail,  after  the  metliods  for  determining  tlie  True  Meri- 
dian, and  consequently  the  Variation,  at  any  place,  have  been 
explained. 

TO  DETERMINE  THE  TRUE  MERIDIAN. 


On  the  South  side  of 
Fig.  aon. 


(300)  By  equal  sltadows  «f  the  Sun. 

any  level  surface,  erect  an  up- 
right staff,  shown,  in  horizon- 
tal projection,  at  S.  Two  or 
three  hours  before  noon,  mark 
the  estremity,  A,of  its  shadow. 
Describe  an  arc  of  acirclo  with 
S,  the  foot  of  the  staff,  for  cen- 
tre, and  SA,  the  distance  to 
the  extremity  of  the  shadow,  for  radius.  About  as  many  hours 
after  noon  as  it  had  been  before  noon  nheu  the  first  mark  was 
made,  watch  for  tho  moment  when  the  end  of  the  shadow  touches 
the  arc  at  another  point,  B.  Bisect  the  arc  AB  at  N.  Draw  SN, 
and  it  will  be  the  true  meridian,  or  North  and  South  line  required. 

For  greater  accuracy,  describe  several  arcs  before  hand,  mark 
the  points  in  which  each  of  them  is  touched  by  the  shadow,  bisect 
each,  and  adopt  the  average  of  all.  The  shadow  will  be  better 
'defined,  if  a  piece  of  tin  ivith  a  hole  through  it  be  placed  at  the  top 
of  the  staff,  as  a  bright  spot  will  thus  be  substituted  for  the  less 
definite  shadow.  Kor  need  the  staff  be  Tertieal,  if  from  its  summit 
a  plumb-line  be  dropped  to  the  ground,  and  the  point  which  this 
strikes  be  adopted  as  the  centre  of  the  arcs. 

This  method  is  a  very  good  approximation,  though  perfectly 
con-ect  only  at  tho  time  of  the  solstices ;  about  June  Slst  and 
December  22d.     It  was  employed  hy  the  Romans  in  laying  out 


To  get  the  Variation,  set  the  compass  at  one  end  of  tlie  True 
Meridian  line  thus  ^ibtained,  sight  to  the  other  end  of  it,  and  taki? 
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the  Bearing  as  of  any  ordinary  line.     The  number  of  dcgrocs  in 
the  reading  will  be  the  desired  variation  of  the  needle. 

(SOI)  By  tlie  Kortii  Star,  w&en  in  tlic  Meridian.  The  North 
iStar,  or  Pole  Star,  (called  by  astronomers  Alpha  Ursce  Minona^ 
or  Polaris),  is  not  situated  precisely  at  the  North  Pole  of  tlie 
heavens.  If  it  were,  the  Meridian  could  be  at  onee  determined  ty 
sighting  to  it,  or  placing  the  eye  at  some  distance  behind  a  plumb- 
line  so  that  this  line  should  hide  the  star.  But  the  North  Star  ia 
about  1^°  from  the  Pole.  Twice  in  24  houra,  however,  (more 
precisely  23h.  56m.),  it  is  in  the  Men-  Fig.  aoi. 

dian,  being  then  exactly  above  or  below  ,.-k— 

the  Pole,  as  at  A  and  0  in  the  figure.    To  /-'" 

know  when  it  is  ao,  ia  rendered  easy  by  the 
aid  of  another  star^  easily  identified,  which  _j^  J,  ^o 

at  these  times  is  almost  exactly  above  or       \ 
below  the  North  Star,  i.  e.  situated  in  the        "■■■,.  /' 

same  vertical  plane.     If  then  we  watch  for  '"■■-■ — ^ --^ 

the  moment  at  which  a  suspended  plumb-  " 

line  will  cover  both  these  stars,  they  will  then  be  in  the  Meridian. 

The  other  star  ia  in  the  well  known  constellation  of  Uie  Great 
Bear,  called  also  the  Plough,  or  tho  Dipper,  or  Charles's  Wain, 


Two  of  its  five  bnght  stars  (the  right-hand  ones  in  Pig.  202)  are 
Vnown  as  tlie  "Pointers,"  from  their  pointing  near  to  the  North 
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Star,  thus  assisting  in  finding  it.  Tlie  star  in  the  tail  or  handle, 
nearest  to  the  four  which  form  a  quadrilateral,  ia  the  star  which 
cornea  to  the  Meridian  at  the  same  time  with  the  North  Star, 
twice  in  24  hours,  as  in  Fig.  202  or  203.  It  is  known  as  Alioth, 
or  Epdlon  l/rsce  Mc^'oris.* 

To  determine  the  Meridian  by  this  method,  suspend  a  long 
plumb-line  from  some  elevated  point,  such  as  a  stick  projecting 
from  the  highest  window  of  a  house  suitably  situated.  The  plumb- 
bob  may  pass  into  a  pail  of  water  to  lessen  its  vibrations.  South 
of  this  set  up  the  compass,  at  such  a  distance  from  the  plumb-line 
that  neither  of  the  stars  will  be  seen  above  its  highest  point,  i.  e. 
in  Latitudes  of  40*^  or  SO'-'notquiteasfarfrom  the  plumb-line  as  it  is 
long.  Or,  instead  of  a  compaas,  place  a  board  on  two  stakes,  so 
as  to  form  a  sort  of  bench,  mniiing  East  and  West,  and  on  it  place 
one  of  the  compass^3ight3,  or  anything  having  a  small  hole  in  it  to 
look  tbrough.  As  the  time  approaches  for  the  North  Star  to  he 
on  the  Meridian  (as  taken  from  the  table  given  below)  place  the 
compass,  or  tlie  sight,  so  that,  looking  through  it,  the  plumb-lme 
shall  seem  to  cover  or  hide  the  North  Star.  As  the  star  moves 
one  way,  move  the  eye  and  sight  the  other  way,  so  as  to  constantly 
keep  the  star  behind  the  plumb-line.  At  last  Alioth,  too,  will  be 
covered  by  the  plumb-line.  At  that  moment  the  eye  and  the 
piumb-line  are  (approximately)  in  the  Meridian.  Fasten  down  the 
sight  on  the  board  till  moming,  or  with  the  compass  take  the  bear 
ing  at  once,  and  the  reading  is  the  variation. ■]■ 

Instead  of  one  plumb-line  and  a  sight,  two  plumb-lines  may  be 
suspended  at  the  end  of  a  horizontal  rod,  turning  on  the  top  of  a 
pole. 

The  line  thus  obtained  points  to  the  East  of  the  true  line  when 
the  North  Star  is  above  Alioth,  and  vice  versa.  The  North 
Star  ia  exactly  in  the  Meridian  about  17  minutes  after  it  haa  been 
in  the  same  vertical  plane  with  Alioth,  and, may  be  sighted  to  after 
that  interval  of  time,  witli  perfect  accuracy. 


*  The  Norlh  Pole  is_  i-eiy  m 

early  at  the  intersection  ol  tl 

lie  line  fram  I'olaii 

Aliolli,  aud  a.  perpeiKlieulap  ti 

}  this  Une  ftoni  liie  amall  stnr 

scent"  the  left  of  i 

Fig.  302. 

t  If  a  Transit  or  Theodolit 

e  be  used,  llie  cross-hairs  ni 

ust  be  illnminaled 

Ihrowing  tlie  ligln  of  a  lam;,  i 

mo  the  telescope  by  its  reHec 

lion  from  wliiie  pa 
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Pole, 


Another  bright  star,  ivhich  ia  oa  tlie  opposite  side  of 
and  13  known  to  astronomei's  as  (romma  Gassiopeice,  also  comes  on 
the  Meridian  nearly  at  the  same  time  as  the  North  Star,  and  will 
thus  assist  in  determining  its  direction. 


(302)  'Ihe  time  at  ivMch  the  North  Star  passes  the  Meridian 
above  the  Pole,  for  every  10th  day  in  the  year,  is  given  in  the  fol- 
lowing Table,  in  common  clock  time.*  The  upper  transit  is  the 
most  convenient,  since  at  the  other  transit  Aliotli  is  too  liigh  to  he 
conveniently  observed. 


i 



MONTH. 

1st  Day. 

11th  Day. 

21st  Day. 

n.    M. 

H.     M. 

H.     M. 

Jamiary, 

6  21  p.  M 

5  41  p.  M. 

5  02  p.  JI. 

1 

February, 

4  18  p.  M 

3  39  p.  M. 

3  00  p.  St. 

March, 

2  28  p.  M 

1  49  p.  M. 

1  09  p.  H. 

1 

April, 

0  26  p.  M 

11  47  A.  M 

11  08  A.  K. 

I 

May, 

10  28  A.  M 

9  49  A.  M. 

9   10  A.  M. 

1 

June, 

8  27  a.  M 

7  48  A.  M 

7  ,08  A.  M. 

My, 

6  29  A.  M 

5  50  A.  M. 

5   11  A.  JI. 

=> 

August, 

i   28  A.  M 

3  49  A.  M. 

3  09  A.  M. 

September, 

2  26  A.  M 

1  47  A.  11. 

1   07   A.  M, 

October, 

0  28  A.  M 

11  45  p.  M. 

11  06  p.  X. 

s 

November, 

10  22  p.  M 

9  43  p.  M, 

9  04  p.  H. 

December, 

8  24  p.  M 

7  46  p.  ji. 

7  06  p.  M. 

■  To  calcniate  tlie  lime  of  die  North  Star  paaaiiig  tile  Meridian  at  il3  upper  cal- 
minntion  !  Find  in  the  "  American  Almanac,"  (Boston),  or  the  "  ABtronomical 
Hphemecis,"  (Washington),  or  the  "  Nautical  Almanac,"  (London),  or  by  interpo- 
lation from  the  i3ata  at  the  end  of  this  note,  the  right  ascension  of  the  star,  and  from 
it  (increased  by  twenty-four  hours  if  necessaiy  to  render  the  subtraction  poGsihle) 
lubtract  the  Higbt  ascension  of  the  Sun  at  mean  noon,  or  the  sidereaT  time  at 
mean  noon,  for  the  given  day,  as  found  in  the  "  Bphemeris  of  the  Sun,"  in  Ihe 
same  Almanacs.  From  the  remainder  subtract  the  acceleration  of  sidereal  on 
mean  time  corresponding  to  this  remainder,  (3m.  563.  for  S4  hours),  and  the  new 
remainder  ia  the  required  mean  eolar  time  of  the  upper  passage  of  the  star  acnss 
the  Meridian,  in  "Aatronomioal"  reckoning,  the  aatmnomical  day  beginning  at 
noon  of  the  common  civil  day  of  the  same  date. 

The  right  ascension  of  the  Notlh  Star  for  Jan.  1,  1850,  ia  Ih.  IKm.  01.1a. ;  for 
18B0.  Ih.  CI8m.  Oa.83. ;   for  1370,  Ih.  11m.  le.Ss. ;    for  1B80,  Ih.  14m,  -IS.Ia. ;   foi 
1890   Ih.  18m.  59.25. ;  for  1900,  Ih.  aSm.  Sis. 
13 
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To  finil  the  time  of  tlie  star's  passage  of  the  Meridian  for  other 
days  than  those  Q.ven  in  the  Table,  take  from  it  the  time  for  the 
day  most  nearly  preceding  that  desired,  and  subtract  from  thia 
time  4  minutea  for  each  day  from  the  date  of  the  day  in  the  Table 
to  that  of  the  desired  day;  or,  more  accurately,  interpolate,  by 
saymg ;  As  the  number  of  days  between  those  given  in  the  Table 
is  to  the  number  of  days  from  the  next  preceding  day  in  the  Table 
to  tlie  desired  day,  so  is  the  difference  between  the  times  given  in 
the  Table  for  the  days  next  preceding  and  following  tlie  desired 
day  to  the  time  to  be  subtracted  from  that  of  the  next  preceding 
day.  The  first  term  of  the  preceding  proportion  is  always  ten, 
except  at  the  end  of  montJia  having  more  or  less  than  30  days. 
For  example,  let  the  time  of  the  North  Star's  passing  the  Meridian 
on  July  26th  be  required.  Fi-om  July  2l8t  to  August  1st  being 
11  days,  we  have  thia  proportion :  11  days  :  5  days  : :  43  minutes : 
19t\  minutes.  Taking  this  from  5h.  11m.  A.  M.,  we  get  4h. 
51^m.  A.  M.  for  the  time  of  passage  required. 

The  North  Star  passes  the  Meridian  later  every  year.  In 
3860,  it  will  pass  the  Meridian  about  two  minutes  later  than  in 
1854;  in  1870,  five  minutes,  m  1880,  eight  minutes,  in  1890, 
twelve  minutes,  and  in  1900,  sixteen  minutes,  later  than  in  1854; 
the  year  for  which  the  preceding  table  has  been  calculated. 

The  times  at  which  the  North  Star  passes  the  Meridian  beloto 
the  Pole,  in  its  lower  Transit,  can  be  found  by  adding  llh.  58m. 
Co  the  time  of  the  upper  Transit,  or  by  subtracting  that  interval 
'I'om  it.' 

{,3i>3)  By  tlic  Kcrih  Star  at  its  extreme  el»ngati«ii.  When 
[he  North  Star  is  at  its  greatest  ajiparetit  angular  distance  East  or 
West  of  the  Pole,  as  aE  B  or  D  in  Fig.  201,  it  is  said  to  be  at  its 
extreme  Eastei-n,  or  extreme  Western,  Elongation.  If  it  be  observed 
at  either  of  these  times,  the  direction  of  the  Meridian  can  be  easily 

•  The  Ngith  Star,  whicli  Ja  now  aljoiit  1"  28"  fvoin  tlie  Pole,  was  13°  dialanl 
fnim  it  wheu  its  place  was  firet  lecocded.  Its  distance  ia  now  diminiahinir  at  iha 
rale  of  about  a  tliird  of  a  minute  in  a.  year,  and  will  continue  to  do  so  tul  it  ap. 
(itoaehes  to  within  balf  a  degree,  when  it  will  again  recede.  The  hrightest  Mar 
in  tlia  Northern  hemisphere.  Alpha  Lyns,  will  be  the  Pole  8tar  in  about  13,000 
years,  being  then  w-lhin  about  5*  of  the  Pole,  though  now  more  than  51"  distant 


Hosted  by 


Google 


CHAP,  vii.}       Variation  of  the  Magnetic  Sccdic.  185 

obtained  from  the  observation.  The  great  advaiita,ge  of  tlila  method 
over  the  preceding  is  that  then  the  star's  motion  apparently  eeaaes 
for  a  short  time. 

(304)  The  following  Table  gives  the 
TIMES   OE  EXTREME  ELONGATIONS   OC  THE  NORTH   STAR." 


MONTH. 

1st  Day. 

lira  Day. 

21ST  Day. 

BASTERS. 

WBSTBKN. 

EASTETJI. 

WESTEEN. 

BASTBEN. 

WEBTERS. 

H.   M. 

H.   M. 

H.   M. 

H.   M. 

ir.  M. 

H.   M. 

Jan'y, 

027  p.m. 

019  a.m. 

114TA.M. 

1136  p.m. 

1108  a.m. 

10  66  P.M, 

Feb'y, 

10  24a.m. 

1013  p.m. 

945  a.m. 

9  38  P.M. 

906a.m. 

8  64  P.M, 

March, 

8  34a.m. 

8  22P.M 

765  a.m. 

743  p.m. 

716  a.m. 

■'94  p.m. 

Aprilj 

6  32  a.m. 

6  20P.M 

553a.m. 

5  41  p.M 

614  a.m. 

6  02  P.M. 

Mly, 

434  a.m. 

4  22P.M 

3  60  A.M. 

3  43P.M 

316A.M 

3  04  P.H. 

June, 

2  33A.K. 

221p.m. 

163  a.m. 

142  p.M 

114A.K 

102  p.m. 

Illy, 

0  35A.M 

0  23P.M 

1162  p.m. 

1144A.M 

1113  P.M 

U  05  a.m. 

August 

10  30P.M 

10  22A.M 

961p.m. 

94SA.M 

9  11  P.M 

9  03  a.m. 

Sept'r, 

8  28P.M 

8  20A.M 

7  49P.M 

741A.M 

7  09  P.M 

701  A.M. 

Ocl'r, 

6  30  P.M. 

6  22A.M 

5  51  p.m. 

543A.M 

6 12  p.M 

6  04a.m. 

NoT'r,  ■  428  p.m. 

4  21A.M 

3  49  p.m. 

3  41A.M 

3 10  p.M 

3  02a.m. 

Dec'r,  1  2  30  p.m. 

222A.M 

161P.M 

143A.M 

112  p.M 

104a.m. 

The  Eastern  Elongations  from  October  to  Mai'ch,  and  the  West- 
ern Elongations  froK,  April  to  September,  occurring  in  the  day 
time,  they  will  generally  not  be  visible  except  witli  the  £ud  of  a 
powerful  ti 


"  To  calcalatB  flio  times  of  ilia  gi-eateet  elongation  of  the  Nortli  Star :  Find  in 
one  of  the  Almanacs  before  referred  to,  or  from  the  data  below,  ia  Polar  dia- 
tBcce  Bt  the  given  lime.  Add  the  logarithm  of  its  langent  to  the  logarillioi  of  ihe 
tangent  of  the  Latitade  of  the  place,  and  tiie  sum  will  be  the  logarithm  of  tha 
eosinB  rf  the  Hunr  angle  before  or  after  the  culmination.  Redace  the  apace  to 
time  i  correct  for  sidereal  acceleration  {3m.  SGs.  for  24  hours)  and  snbtract  the 
result  ftom  the  time  of  the  star's  passing  the  meridian  on  that  day,  lo  get  the  tima 
of  the  Eastern  elongation,  or  odd  it  to  get  llie  Western. 

The  Polar  distance  of  the  North  Star,  for  Tan.  1.  1850,  is  1=  20'  35";  for  1868, 
I'  96'  J3".7!  for  1870,  1"  93'  01";  for  1S80,  l""  IE  50",-l;  for  1830,  1°  16'  40"  J; 
for  J900,  1=13'  33'',3, 
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The  preceding  Talile  iras  calculated  for  Latitude  40°.  TLa 
Time  at  which  the  Elongations  occur  vary  shghtly  for  other  Lati- 
tudes. In  Latitude  50°,  the  Eastern  Elongations  occur  about  2 
minutes  later  and  the  Western  Elongations  about  2  minutes  earlier 
than  the  times  in  the  Tahle.  Iq  Latitude  26",  precisely  the 
reverse  takes  place, 

The  Times  of  Elongation  are  continually,  though  slowly,  bceom- 
mg  later.  The  preceding  Table  was  calculated  for  July  1st,  1854. 
In  1860,  tbe  time?  will  be  nearly  2  minutes  later;  and  in  1000, 
the  Eastern  Elongations  will  he  about  15  minutes,  and  the  Western 
ations  17  minutes  later  than  in  1854. 


(305)  Oib Serrations.  Knowing  fi-om  the  preceding  Table  the 
hour  and  minute  of  tlie  extreme  Elongation  on  any  day,  a  little 
befoie  that  time  suspend  a  plumb-lin'',  preuisely  as  in  Art.  (30S), 
and  place  youi-self  south  of  it  as  tliere  directed.  As  the  North 
Star  moves  one  way,  move  your  eye  the  other,  so  that  the  plumb- 
line  shall  continually  seem  to  cover  the  star.  At  last  the  star  will 
appear  to  stop  moving  for  a  time,  aiid  then  be^n  to  move  back- 
\\ar<l&.  Fix  the  tjght  on  the  board  (or  the  compass,  &c.)  in  the 
position  in  which  it  was  when  the  star  ceased  moving ;  for  the  star 
was  then  at  its  extreme  apparent  Elongation,  East  or  West,  as  tlie 
case  may  be. 

(386)  Azlmittiis<  The  angle  which  the  line  from  the  eye  to  tlie 
plumb-line,  makes  with  the  True  Meridian  (i.  e.  the  angle  between 
the  meridian  plane  and  the  vertical  plane  i>assing  through  Hie  eye 
and  the  stai-)  is  called  tJie  Azimuth  of  the  Star.  It  is  given  in  the 
following  Taole  for  different  Latitudes,  and  for  a  number  of  years  to 
come.  For  the  intermediate  Latitudes,  it  can  be  obtained  by  a 
simple  proportion,  similar  to  that  explained  m  detail  in  Art.  (302)." 
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AZIMUTHS   OP   THE  SOUTH   GTAU. 

uiimae^ 

1854    1855 

1866 

1857 

1868 

1859     1860 

1870 

60° 

2=16| 

2=161 

2=16' 

2=151 

2=16' 

2=141 

2=141 

2=  09} 

49= 

2=14' 

2=134 

2=131 

2=12} 

2=121 

2=12' 

2=111 

2=  06J' 

480 

2=11J 

2=11' 

2=  lOJJ' 

2=101 

2=09} 

2=091 

2=09' 

2=04' 

47° 

2=09' 

2=08J 

2=08' 

2=07} 

2=07} 

2=06} 

2=064 

2=01} 

460 

2=  06|' 

2=061 

2=  06|' 

2=  054' 

2=05' 

2=044' 

2=  041' 

1=694' 

45= 

2=04J 

2=04' 

2=  03J' 

2=  031' 

2=  02}' 
2=01' 

2=  021' 

2=02' 

1"  674' 

44= 

2=  02J' 

2=02' 

2=  01|' 

2=  Oil' 

2=004' 

2=00' 

1=554' 

43=- 

2=  OOJ' 

2=00' 

1=  694' 

1=69' 

1=68,' 

1=  681' 

1=68' 

1=634' 

42= 

1=68J' 

1=68' 

1=674' 

1?671' 

1=56,' 

1=664' 

1=56' 

1=  61}' 

41= 

l=66r 

1=  661' 

1=66|' 

1=  664' 

1=66 

1=  54J' 

1=  541' 

1=60' 

40= 

1=65' 

1=  54J' 

1=64' 

1=63}' 

1=631' 

1=63' 

1=  524' 

1=  481' 

39= 

1=  6SJ' 

1=62^ 

1=624' 

1=62' 

1=51>' 

1=  611' 

1=51' 

1=46}' 

38= 

1=  51}' 

1=  611' 

1=61' 

1=504' 

1=60' 

1=49}' 

1=49  J' 

1=451' 

37= 

1=  60i' 

1=49}' 

1=494' 

1=49' 

1=48}' 

1=481' 

1=  48' 

1=44' 

36= 

1=  481' 

1=481' 

1=48' 

1=  47}' 

1=  471' 

1=47' 

1=  464' 

1=42}' 

35= 

1=  4TJ' 

1=47' 

1=46}' 

1=461' 

1=46' 

1=454' 

1=461' 

1=414' 

34= 

1=  461' 

1=45|' 

1=454' 

1=46' 

1=44}' 

1=44}' 

1=44' 

1=401' 

33= 

1=45- 

1=44V 

1=  441' 

1=  43}' 

1=435' 

1=43' 

1=42}' 

1=89' 

82= 

1=44' 

1=43V 

1=43' 

1=42}' 

1=  42}' 

1=42' 

1=414' 

1=38' 

31= 

1»42|' 

1=421' 

1=42' 

1=414' 

1=41' 

1=40}' 

1=  404' 

1=37' 

30= 

1=  41J' 

1=  411' 

1=41' 

1=  404' 

1=401' 

1=40' 

1=394' 

1=86' 

(307)  SctliD!?  out  a  Meridian.  "VVlien  two  points  in  tho 
tion  of  tlie  North  Star  at  its  extreme  elongation  have  been  ^'' 
ohtainedj  as  in  Art.  (503),  the  True  Meridian  can  be 
found  tlius.  Let  A  and  B  be  the  two  points.  Muliiplj  the 
natural  tangent  of  tie  Azimuth  given  in  the  Table,  by  the 
distance  AB.  The  product  ^vill  be  the  length  of  a  line 
■which  13  to  be  set  off  from  B,  perpendicular  to  AB,  to 
some  point  C.  A  and  C  will  then  be  points  in  the  True 
tieridian.     Thia  operation  may  be  postponed  till  morning. 

If  the  directions  of  both  tlie  extreme  Eastern  and  extreme 
Western  elongations  be  set  out,  the  line  lying  midway 
between  them  will  be  the  True  Meridian. 


direc- 
lg.20* 
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(398)  Determining  tiie  Variation.  Tke  variafclon  would  of 
course  be  giveo  by  taking  the  Bearing  of  the  Meridian  thua 
obtained,  but  1.'  can  also  be  determined  by  taiing  the  Bearing  of 
the  star  at  the  time  of  the  extreme  elongation,  arid  applying  tho 
following  rules. 

When  the  Aaimuth  erf  tlie  star  and  its  magnetic  bearing  are  one 
East  amd  the  other  West,  the  sum  of  the  two  is  tho  Magnetic  Vari- 
tion,  which  is  of  tJie  same  name  as  the  Aaimuth ;  i.  e.  East,  if  that 
be  East,  and  West,  if  it  be  West. 

When  the  Azimuth  of  the  star  and  its  Magnetic  Bearing .  are 
both  East,  or  both  West,  their  difference  is  the  Variation,  which 
mil  be  of  the  same  name  as  tho  Azimuth  and  EeaiiLg,  if  the  Azi- 
muth be  the  greater  of  the  two,  or  of  the  contrary  name  if  the 
Azimuth  be  the  smaller.  ^'S-  205. 

All  these  cases  are  presented  together  in  the  ^        ^^  s     ^, 
figure,  in  which  P  is  the  North  Pole ;  Z  the  place 
of  the  observer;  ZP  the  True  Meridian;  S  the 
star  at  its  greatest  Eastern  elongation ;  and  ZN, 
ZN',  ZN",  various  supposed  directions  of  tho  needle. 

Call  the  Azimuth  of  tho  star,  i,  e.  the  angle 
I'ZS,  2°  East. 

Suppose  the  needle  to  point  to  N,  and  the  Bear- 
ing of  the  star,  i.  e.  SZN,  to  be  5°  West  of  Mag- 
netic Nortii.  The  variation  PZN  will  evidently  be 
7'  East  of  true  North. 

Suppose  the  needle  to  point  to  N',  and  the  hearing  of  tlie  star, 
i.  e.  N'ZS,  to  be  1^"  East  of  Magnetic  North.  The  Variation 
will  be  1°  East  of  true  North,  and  of  the  same  name  as  the  Azimuth, 
because  that  is  greater  than  the  bearing. 

Suppose  the  needle  to  point  to  N"  and  the  bearing  of  the  star, 
i.  e.  N"ZS,  to  be  10°  East  of  Magnetic  NorUi.  The  Variation 
win  be  8"  West  of  true  North,  of  the  contrary  name  to  the  Azimuth, 
because  that  is  the  smaller  of  the  two.* 


.Vest,  if  minns.      Thua  in  the  first  case  above,  the  Variation  =  +  2°  — 

(—5*)=  +  7"  —  7' East.    In  the  second  esse,  tho  Variation  =  +  2"  — (+  H'l 
—  4.  1°  =.  |o  Bast.     Ill   the   third   case,  the  Varialion  =  +  2"  —  (+ ID"!  "^ 
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If  the  star  was  on  the  other  side  of  the  Pole,  the  rules  would 
apply  likewiae, 

(309)  OtliCS"  WctllOdS.  Many  other  methods  of  determining  the 
true  Meridian  a.re  employed ;  such  as  by  ec^ual  altitudes  and  aai- 
muths  of  the  sun,  or  of  a  star ;  by  one  aaimuth,  knowing  the  time ; 
by  observations  of  cireumpolar  stars  at  equal  times  before  and  after 
their  culmination,  or  before  and  after  their  greatest  elongation,  Stc 

All  these  methods  however  require  some  degree  of  astronomical 
knowledge ;  and  those  which  have  been  exp.iiined  are  abundantly 
sufficient  for  all  the  purposes  of  the  ordinary  Land-Surveyor. 

"Eurt'a  Solar  Compass"  is  an  instrument  by  which,  "when 
adjusted  for  the  Sun's  declination,  and  the  Latitude  of  the  place, 
the  azimuth  of  any  line  from  the  true  North  and  South  can  be  read 
off,  and  the  difference  between  it  and  the  Eeariiig  bj  the  compasa 
will  then  bo  the  variation." 

(SIO)  magnetic  variation  in  the  United  States.     The  van- 

atiou  of  tho  Magnetic  needle  in  any  part  of  the  United  States, 
can  be  approximately  obtained  by  mere  inspection  of  the  map 
at  the  beginning  of  this  volume.*  Throngh  all  the  places  at 
which  the  needle  in  1850,t  pointed  to  the  true  North,  a  line  is 
drawn  on  the  map,  and  called  the  Lims  of  no  Yariaiwn.  It  will 
be  seen  to  be  nearly  straight,  and  to  pass  in  a  If  .N-W.  direction 
from  a  little  west  of  Cape  Hatterae,  N.  0.  through  the  middle  of 
Virginia,  about  midway  between  Cleveland,  (Ohio),  and  Erie, 
(Pa.),  and  throiagh  the  middle  of  Lake  Erie  and  Lake  Hm-on.  If 
followed  Soutli-Easter.y  it  would  be  found  to  touch  tho  most 
Easterly  point  of  Sonth  America.  It  is  now  slowly  moving 
Westward. 

At  all  places  situated  to  the  East  of  this  line  (including  the 
New-England  States,  New- York,New- Jersey,  Delaware,  Mary- 
land, nearly  all  of  Pennsylvania,  and  the  Eastern  half  of  Virginia 
and  North  Carolina)  the  Variation  is  "Westerly,  i.  e.  the  north  end 
of  the  needle  points  to  the  west  of  the  trvie  !N"orth.   At  all  places 

•  Copied  (by  permission)  from  one  prepared  in  1S5S.  by  Prof.  A.  D.  Baciie,  Supt.  U. 
8.  Coaat  Survey,  ftom  the  U.  S.  0.  S.  Observations.  Tlie  dotted  portions  of  tlie  lines 
»je  interpolations  diiato  the  Mndcesa  of  J.  B.  Hilgard,  Assist.  U.  S.  Coast  Survey. 

t  A  aradunl  ehnnge  in  the  Variation  ia  soiiig  on  from  year  to  year,  us  ivill  be  ci- 
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situated  to  tlie  Weat  of  thia  lino  (including  the  "Western  and  Soutb 
ern  States)  tlie  Valuation  is  easterly,  i.  e.  the  North  end  of  the 
needle  pointa  to  the  Bast  of  the  true  North.  This  variation  in- 
creases in  proportion  to  the  dtstiince  of  the  plftce  on  either  side  of 
the  line  of  no  variation,  reaching  21°  of  Easterly  Variation  in  Ore- 
gon, and  18°  of  Weaterly  Variation  in  Maine. 

Lines  of  equal  Variation  are  hnea  drawn  through  all  the  places 
which  have  the  same  variation.  On  the  map  they  are  drawn  for 
each  degree.  All  the  places  situated  on  the  line  niai-ked  1°,  East 
or  Weat,  have  1°  Variation ;  those  on  the  2°  Ime.  have  2°  Varia- 
tion, &c.  The  variation  at  the  intermediate  places  can  he  approxi- 
mately estimated  by  the  eye.     These  lines  all  refer  to  1840. 

The  lines  of  equal  Variation,  if  contjiiued  Northward,  would  all 
meet  in  a  certain  point  called  the  Magnetic  Pole,  and  aituated  in 
the  neighborhood  of  86°  Weat  Longitude  from  Greenwich,  and  70° 
of  North  Latitude.     Towards  this  pole  the  needle  tenda  to  point. 

Another  Magnetic  pole  ia  found  in  the  Southern  hemisphere ; 
but  the  farther  development  of  this  subject  belongs  to  a  treatise  on 
Natural  Philosophy. 

The  Variation  on  the  Pacific  slope  of  this  country  has  been  very 

imperfectiy  ascertained.     A  few  leading  points  are  as  below. 

Cahfornia ;       Point  Conception,  Sept.  1850, 13=  49^'  E. 

Point  Penos,  Monterey,     Feb.   1851, 14°  58'    E. 

Presidio,  San  Francisco,     Eeb.   1852, 15°  27'    B. 

San  Diego,  Mar.  1851, 12°  29'    B. 

Oregon ;  Cape  Disappointment,        July,  1851,  20°  45'    E. 

Ewiug  Harbor,  Nov.  1851, 18°  29'    E. 

Wash.  Ter'y-  Scarboro'  Harbor,  Aug.  1852,  21°  30'    E. 

(311)  To  correct  Magnetic  Bearings.  The  Variation  at  any 
place  and  thne  being  known,  the  Magnetic  Bearmgs  taken  there 
and  then,  may  be  reduced  to  their  true  Bearings,  by  these  Rules. 

Rule  1.  Whm  ike  Variation  is  W&st,  as  it  is  in  the  North- 
Eastern  States,  the  true  Bearing  will  be  the  mm  of  the  Variation 
and  a  Bearing  which  ia  North  and  West,  or  Soutii  and  East ;  and 
tiie  differmce  of  the  Variation  and  a  Bearing  which  is  North  and 
East,  01  South  and  West.    To  apply  tliis  to  the  cardinal  pointSj  n 
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Fig.  aos. 


North  Bearing  must  be  called  N,  0°  West,  an  East  Bearing  N. 
90°  E.,  a  South  Bearing  S.  0'  E.,  and  a  West  Bearing  S.  90"  W. ; 
counting  around  from  N'  to  N,  in  the  figure,  and  so  onward,  "with 
the  Sun." 

The  reasons  for  these  coiTeetions 
are  apparent  from  the  Eigurej  in  which 
the  dotted  lines  and  the  accented  let- 
tei-s  represent  the  direction  of  the  nee- 
die,  and  the  full  lines  and  the  unac- 
cented letters  represent  the  true  North  w — — 
and  South  and  East  and  West  lines,      -yf^--" 

When  the  sum  of  the  Valuation  and 
the  Bearing  is  directed  to  he  taken, 
and  comes  to  more  than  90°,  tlie  eup-  S     ^ 

plement  of  the  sum  is  to  be  taken,  ani  the  first  letter  changed. 
When  the  difference  is  directed  to  be  taken,  and  the  Variation  is 
greater  than  tiie  Bearing,  the  last  letter  must  he  changed.  A 
n  of  the  case  ^viU  remove  all  doubts.  Examples  of  all  these 
'en  below  for  a  Variation  of  S"  West. 


MAQNETIO 

muE 

MASNETIO 

TRUE 

BBARING. 

BEARING. 

BEARING. 

BBAEING. 

North. 

N.     8°  W. 

South. 

S.     8°  E. 

N.    1°E. 

N.   r  W. 

S.     2°  W. 

S.     6°  E. 

N.  40°  E. 

H. 82'  E. 

S.  60°  W. 

S.  52°  \y. 

East. 

N.  82°  E. 

"West. 

S.  82°  T. 

S.  50»  E. 

S.  58°  E. 

N.  70°  W. 

U.  78°  W. 

1      S.  89°  E. 

N.  83°  E. 

N.  83" W. 

S.  89°  W. 

EuLB  2.  WJien  ihe  Variation  is 
East,  as  in  the  Western  and  Soutliem 
States,  the  jireeeding  directions  must 
he  exactly  reversed;  i.  e.  the  true 
Bearing  -vviil  be  the  differmee  of  the 
Variation  and  a  Bearing  which  is 
North  and  West,  or  South  and  East ; 
and  the  Bum  of  the  Variation  and  a 
Bearing  which  is  North  and  East,  or 
South  and  West.     A  North  Bearing 
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must  bo  calJed  N.  0°  K,  a  West  Bearing  N.  90''  W.,  a  Soutb 
Bearing  S.  0°  W.,  and  an  East  Bearing  S.  90"  E.,  connting  from 
N'  to  N,  and  so  onward,  "against  ^e  sun."  The  reasons  foi 
tliese  rules  are  seen  in  the  Figure.  Examples  are  given  below,  foi 
a  Variation  of  5°  E. 


MAaNETIO 

TRUE 

MAaSETIC 

TRtE 

BEAKIN6. 

EJiAEINa. 

EBABIH&. 

BEAEIMO. 

North. 

N.    6°  E. 

South. 

S.     5°  W. 

N.  40°  E. 

N.  45"  E. 

g.  60°  W. 

S.  65°  W. 

N.  89°  E. 

S.  86°  E. 

S.  87°  W. 

N. 88°  W. 

East. 

S.  86°  E. 

West. 

N.  85°  W. 

S.    !•  E. 

S.    4°W. 

N.  70°  W. 

N. 65°  W. 

S.  50°  E. 

S.  45°  E. 

F.    2°W. 

N.    3°  E. 

(S12)  To  surTcy  a  Iin«  with  true  Bearings.     The  c 

may  be  set,  or  adjusted,  by  means  of  the  Veriuer,  (noticed  in  Arts. 
(229)  and  (237),  and  shown  in  Tig.  148,  page  126)  according  to 
the  Variation  in  any  place,  so  that  the  Bearings  of  any  lines  then 
taken  with  it  will  he  their  true  Bearings.  To  effect  this,  turn  aside 
the  compass  plate,  by  means  of  the  Tangent  Screw  which  moves 
tlie  Vernier,  a  number  of  degrees  equal  to  the  Variation,  moving 
the  S.  end  of  the  Compass-box  to  the  rigJtt,  (the  North  end  bemg 
supposed  to  go  aliead)  if  the  Variation  be  "Westerly,  and  vice  versa; 
for  that  moves  the  North  end  of  the  Compass-box  in  the  contrary 
direetioa,  and  thus  maies  a  Ime  which  before  was  N.  by  the  nee- 
dle, now  road,  as  it  should  truly,  North,  bo  many  degrees.  West 
if  the  Variation  was  West ;  and  similarly  in  the  reverse  case. 
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CHANGES  W  THE  VAKIATIOS. 

(313)  The  Qhanges  in  tho  Variation  are  of  more  practical 
importance  than  its  absolute  amount.  They  are  of  fo'ir  kinds  r 
Irregular,  Diurnal,  Annual  and  Secular. 

(314)  Irregular  changes.  The  needle  is  subject  to  sudcien 
and  violent  changes,  -which  have  no  known  law.  They  are  some- 
times coincident  with  a  thunder  storm,  or  an  Aurora  Borealis, 
(during  ivhich,  changes  of  nearly  1°  in  one  minute,  2^°  in  eight 
minutes,  and  10°  in  one  night,  have  been  observed),  but  often 
Have  no  apparent  cause,  except  an  otherwise  invi^ihle  "  Maprictic 

StOlTQ." 


(313)  The  Diurnal  changei  On  cimtinuing  observations  of 
the  direction  of  tlie  needle  throughout  an  entire  day,  it  will 
be  found,  in  the  Korthern  Hemisphere,  that  the  North  end 
of  the  needle  moves  Westward  from  about  8  A.  M.  till  about  2 
P.  M.  over  an  arc  of  from  10'  to  15',  and  then  grsidually  returns 
to  its  former  position.*  In  the  Southern  Homiaphere,  the  direction 
of  this  motion  is  reversed.  The  period  of  this  change  being  a  day, 
it  is  called  the  Diurnal  Variation.  Its  effect  on  the  pei-manent 
Variation  is  necessarily  to  cause  it,  in  places  where  it  is  West,  to 
attain  its  maximum  at  about  2  P.  M.,  and  its  minimnm  at  about  8 
A.  M. ;  and  the  reverse  where  the  Variation  is  East. 

This  Diurnal  change  adds  a  new  element  to  the  inaccuracici  of 
the  compass ;  since  the  Bearings  of  any  line  taken  on  the  same 
day,  at  a  few  hours  interval,  niight  vary  a  quarter  of  a  degree, 
wlueh  would  cause  a  devialjon  of  the  end  of  the  line,  amounting  to 
nearly  half  a  link  at  the  end  of  a  chain,  and  to  35  hnks,  or  23 
feet,  at  the  end  of  a  mile.  The  hour  of  the  day  at  which  any 
important  Bearing  is  taken  should  tlierefore  be  noted. 

'  A  similar  bill  Boinller  mfivemeiit  takes  place  diirina  ihe  night. 
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(316)  Tlie  Annual  cliasg;e>  If  tho  observations  be  continued 
throughout  an  entire  year,  it  will  bo  found  that  tlio  Diurnal  changes 
vary  with  the  seasons,  being  about  twice  as  groat  in  Summer  as  in 
Winter.  The  period  of  this  change  being  a  year,  it  ia  called  the 
Annual  Variation. 

(317)  TSie  S«CHlar  change.  When  accurate  observations  on 
tJie  Variation  of  the  needle  in  the  same  place  are  continued  for 
several  years,  it  is  found  that  there  is  a  continual  and  tolerably 
regular  increase  or  decrease  of  the  Variation,  continuing  to  pro- 
ceed in  the  same  direction  for  so  long  a  period,  that  it  may  be 
called  the  Secular  change  of  Variation.* 

The  most  ancient  observations  are  those  taken  in  Paris.  In  the 
year  1541  tiie  needle  pointed  7°  East  of  North;  in  1580  the  Vari- 
ation had  increased  to  11^°  East,  being  its  maximum ;  the  needle 
then  began  to  rnoye  Westwaj-d,  and  in  1666,  it  had  returned  to  the 
Meridian ;  the  Variation  then  became  West,  and  continued  to 
increase  till  in  1814  it  attained  its  maximum,  being  22"  34'  West 
of  North.  It  is  now  decreasing,  and  in  185S  was  20"  17'  W.  In 
London,  the  Variation  in  1576  was  11'  15'  E. ;  in  1662,  0° ;  in 
1700,  9°  40'  W. ;  in  1778,  22°  11'  W. ;  in  1815,  24°  27'  W.  ; 
and  in  1843,  23°  8'  W. 

Ia  this  country  the  north  end  of  the  needle  was  moving  East 
ward  at  the  earliest  recorded  observations,  and  continued  to  do  so 
till  about  the  year  1810  (variously  recorded  as  from  1793  to 
1819),  when  it  began  to  move  Westward  which  it  has  ever  since 
continued  to  do.  Thus,  in  Boston,  from  1708  to  1807  the  Varia 
tion  changed  from  9°  W.  to  6°  5'  W.,  and  from  1807  to  1840,  if 
changed  from  6°  5'  W.  to  9'  18'  W. 

Valuable  Tables  of  the  Secular  changes  of  the  Variation  in  van 
ous  parts  of  the  United  States  have  been  published  by  Prof.  Loomia 
in  Silliman's  "American  Journal  of  Science,"  Vol.  34,  July,  1838, 
p:  301 ;  Vol.  39,  Oct.  1840,  p.  42 ;  and  Vol.  48,  Oct.  1842, 
p.  107.  An  abstract  of  tho  most  reliable  of  them  is  here  given. 
Troy  and  Schenectady  are  from  other  sources. 

•  IF  t!ie  term  "  Declination  of  ihe  Needla"  could  be  restiired  to  its  proper  ma 
iJlis  "  Oliange  of  Variation'  wou*.!]  be  praperly  called  the  "  Varialiou  of  llie  Da 
cliuBtion." 
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PLACE. 

L.ATITODB 

LONGITUDE. 

BATE.      |'™'">'1 

[motion. 

Bm'iingkm,  Vt. 

44"  27- 

730  10' 

1811...1834,   4'.4 

Chesterfield,  H.  H. 

420  63. 

72°  20' 

1820...1836 

6'.4 

Deerfieia,  Mass. 

42°  34' 

72°  29' 

1811...1837 

5'.7 

Cambridge,  Mass. 

420  22' 

71°    7' 

1810...1840 

8'.4  ■ 

New-Haven,  Conn. 

41°  18' 

72°  58' 

1819...1840 

4'.6 

KeeseviUe,  N.  Y. 

440  28' 

730  32' 

1826...1838 

6'.4 

Albany,  H.  Y. 

42=  39' 

73°  45' 

1818...1842 

3'.6 

" 

" 

" 

1842.  ..1854 

4'.9 

Troy,  N.  Y. 

42=  44' 

73°  40' 

1821...1837 

6'.2 

Schenectady,  N.  Y. 

42°  49' 

73°  55' 

1829...1841 
1841...1854 

7'.2 
6'.0 

Ne^T-York  City. 

40°  43' 

740  01' 

1824...1837 

3'.7 

Philadelphia. 

39°  57' 

75°  11' 

181S...1837 

3'.6 

MilledgeviUe,  Ga. 

330    7' 

83°  20' 

1805...1S36 

1'.7 

Mobile,  Ala. 

30°  40' 

88°  11- 

1809...1835 

2'.2 

Cleveland,  0. 

41°  30' 

81°  46' 

1826...1838 

4'.6 

Marietta,  0. 

39°  25' 

81°  26' 

1810...1838 

2'.4 

Cincinnati,  0. 

39°    6' 

84°  27' 

1825...1840 

2'.0 

Deti-oii,  Mich. 

42°  24' 

82°  68 

1822...1840 

4'.3 

illon.  111. 

38°  62' 

90°  12' 

18S5...1840I    3'.0    1 

From  these  and  other  observations  it  appears  that  at  present  the 
lines  of  equal  variation  are  moving  Westward,  producing  an  annual 
change  of  variatioD  (increasing  the  Westerly  and  leasening  the 
Easterly)  which  is  different  in  different  parts  of  the  coimtiy,  and 
is  about  five  or  six  nunutes  in  the  North-Eastem  States,  three  or 
four  minutes  in  tlie  Middle  States,  and  two  minutes  in  the  Southern 


C318)    Bctciciinatjon  of  the  cliangc,  by  Intcrpakliou.     To 

determine  the  change  at  any  place  and  for  any  interval  not  found 
m  the  recorded  observations,  an  approximation,  sufBcient  for  most 
purposes  of  the  surveyor,  may  be  obtained  by  interpolation  (by  a 
simple  proportion)  between  the  places  given  in  the  Tables,  assum- 
ing the  movements  to  have  been  uniform  between  the  given  dates ; 
and  also  a^uming  the  change  at  any  place  not  found  in  the  Tables, 
to  have  been  intermediate  between  those  of  the  lines  of  equal  varia- 
tion, which  pass  through  the  places  of  recorded  observations  on 
each  side  of  it,  and  to  have  been  in  the  ratio  of  its  resjiective  dis- 
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tanees  from  those  two  lines ;  for  example,  taking  their  arithmetical 
mean,  if  the  required  place  is  midway  between  them ;  if  it  be  twice 
as  near  one  as  the  other,  dividing  the  sma  of  twice  the  change  of 
the  nearest  line,  and  once  the  change  of  the  other,  hy  three ;  and 
60  in  other  cases ;  i.  e,  giving  the  change  at  each  place,  a  "weight" 
inversely  ^?  its  di^tince  from  the  place  it  which  the  change  i«  to 
befo  n! 


(3J9)  DclcnniBition  of  the  changC  by  old  lines  \Men 
the  io  mer  Be  „  f  y  U  b  o  sn  h  as  a  f^rmfe  ce  k  is 
e  oriel  the  1  „e  tle"^  at  f  om  tl  e  Ute  of  the  ^inal 
cbse  atao  to  tl  e  i  esent  t  m  can  be  at  on  e  f  d  by  b  tin^,  he 
compiss  at  one  end  of  tl  e  line  in  I  a  ^^  t  n^  to  the  otl  e  The 
diff     neeoftlet  oEa  ncs  s  the   ocimedclan^ 

If  0  e  e  I  of  tl  0  oil  Ime  ca  not  be  see  f  m  the  otl  e  as  ia 
ofte  tl  e  caae  hen  tKe  1  e  is  fi  e  1  only  by  a  co  ner  at  each 
e  d  f  t  p  oceed  th  is  R  n  i  lu  e  f  om  one  co  cr  vi  h  t!  e  old 
Bei  ng  aal  w  th  ts  liatince  Mea  e  tl  e  d  stance  f  om  tl  e  end 
of  th  9 1  ne  to  tl  e  otl  e  co  ner  to  w!  ch  t  will  be  op^  os  te  Mul- 
tiply this  distance  by  57.3,  and  divide  by  the  length  of  the  line. 
The  quotient  ^vJll  be  tlie  change  of  vamtion  in  degrees.* 

For  example,  a  line  63  chains  long,  in  182T  had  a  Bearing  of 
North  1^  East.  In  1847  a  trial  line  was  run  from  one  end  of  the 
former  line  with  the  same  Bearmg  and  distance,  and  its  other  end 
was  found  to  be  125  links  to  the  West  of  the  true  corner.     The 


Westerly. 


'  Let  AB  be  the  original  line  j  AC  the  trial  line, 
Bod  EC  iliB  distance  between  their  exti-emitiea.  ^ 
AB  and  AC  may  be  regarded  aa  radii  of  a  ciicle 
and  BO  as  a  cliord  of  the  arc  which  subtends  thoir 
wigle.  Assuming  the  cliord  and  arc  to  coincide 
(wTiioh  they  will,  nearly,  for  email,  angles)  we 
bavB  this  proportion;  Whole  civctinferaiice  :  arc 
BC  ■.:  SCO=  1  BAC  !   or,  a  X  AC  X  3-14I6  :  BC 


!  360=  :  BAO,  w 


re  BAC  = 


150   . 
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(320)   Effects  of  the  Secular,  change.     These  are  exceedingly 
important  in  the  re-survey  of  farms  ^'s-  209. 

by  the  Bearings  recorded  in  old 
deeds.  Let  SN  denote  the  direc- 
tion of  tic  needle  at  the  time  of 
the  original  Survey,  and  S'W  its 
direction  at  the  time  of  the  re-sur- 
vey, a  number  of  years  later. 
Suppose  the  change  to  have  been 
8°,  the  needle  pointing  so  much 
farther  to  the  west  of  North.  The 
line  SN,  which  before  was  due 
North  and  South  by  the  needle 
will  now  bear  N.  3°  E.  and  8.  3° 
was  N.  40°  E.  will  now  hear  N.  4S°  E;  the  line  DF  which  before 
was  N.  40°  W.  will  now  hear  N.  37°  W;  and  the  line  WE,  which 
before  was  due  East  and  West,  will  now  bear  S.  87°  E.  and  N. 
87°  W.  Any  line  is  similarly  changed.  The  proof  of  this  is  appar 
rent  on  inspecting  the  figure. 

Suppose  now  that  a  surveyor,  ignorant  ( 
change,  should  attempt  to  run  out  a 
farm  hy  the  old  Bearings  of  the 
deed,  none  of  the  old  fences  oi  coi- 
ners Mmaniing  The  foil  Imcs  m 
the  figure  repiesent  the  ougmal 
bounds  of  the  faam,  and  the  dotted 
hues  thoie  of  the  neta  jiiece  of  land 
which,  starting  from  A,  he  would 
unwittingly  ma  out.  It  would  be  of 
the  same  size  and  the  same  shape  as 
the  true  one,  hut  it  would  tie  in  the 
wrong  place.  None  of  its  lines 
would  agree  with  the  true  ones,  and 
in  some  places  it  would  encroach  on 
one  neighbor,  and  in  other  places 
would  leave  a  gore  which  belongs  to  it,  between  itself  and  anofliei" 
neighbor.  Yet  this  is  often  done,  and  is  the  source  of  a  great  part 
of  the  litigation  among  fai'mcrs  respecting  their  "  lines." 


;  the  line  AB,  which  before 


;glectM  of  thia 
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(32B)  Tffl  ruu  out  old  lines.  To  succeed  iu  retracing  old 
lineS)  proper  allowance  must  bo  made  for  tlio  change  in  the  varia- 
tioii  since  the  date  of  the  original  survey.  That  date  must  first 
be  accurately  ascertained ;  for  the  surrey  mB.y  be  much  older  than 
the  deed,  into  which  its  bearings  may  have  been  copied  from  an 
older  one.  The  amount  and  direction  of  the  change  is  then  to  be 
ascertained  by  the  methods  of  Arts.  (318)  or  (319).  The  bear- 
ings may  then  be  corrected  by  the  following  Utiles. 

When  the  Nortli  end  of  the  needle  has  been  moving  Westerly, 
(as  it  has  for  about  forty  years),  the  present  Bearings  will  be  the 
gums  of  the  change  and  the  old  Bearings  which  were  North-East- 
erly  or  South-Westerly,  and  the  differences  of  the  change  and 
the  old  Bearings  which  were  Korth-Westerly  or  Soutt-Easterly. 

If  the  change  have  been  ^asterli/,  reverse  the  preceding  rules, 
subtracting  where  it  is  directed  to  add,  and  adding  where  it  is 
directed  to  subtract. 

Run  out  the  lines  with  the  Beai-ings  thus  corrected. 

It  will  be  noticed  that  the  process  is  precisely  the  reverse  of 
that  in  Art.  (311),  The  rules  there  g?ven  in  more  detail,  may 
therefore  be  used;  Rule  1,  "  when  the  Variation  is  West,"  being 
employed  when  the  change  has  been  a  movement  of  the  N.  end 
of  the  needle  to  the  East ;  and  Rule  2,  "  when  the  Variation  is 
East,"  being  employed  when  the  N.  end  of  the  needle  has  been 
moving  to  the  West. 

If  the  compass  has  a  Vernier,  it  can  be  set  for  the  change,  once 
for  all,  precisely  as  directed  in  Art.  (3I§),  and  then  the  courses 
can  be  run  out  as  given  in  tlie  deed,  tlio  correction  being  made  by 
the  instrument. 

(322)  EsaMplc.  The  following  is  a  remarhable  case  which 
recently  came  before  the  Supreme  Court  of  New-York.  The 
North  line  of  a  large  Estate  was  fixed  by  a  royal  grant,  dated  in 
1704,  as  a  due  East  and  West  line.  It  was  run  out  in  1715, 
by  a  surveyor,  whom  we  will  call  Mr.  A.  It  was  again  surveyed 
in  1765,  by  Mr.  B.  who  rau  a  course  N.  87°  SO'  E.  It  was  run 
out  for  a  third  time  m  1789,  by  Mr.  C.  who  adopted  the  couree 
N.  86"  18'  E.     In  1845  it  was  sui-veyed  for  the  fourth  time  by 
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Mr.  D.  with  a  coarse  of  N.  88°  30'  E.  He  found  old  "  corners," 
and  "blazes"  of  a  former  survey,  on  his  line.  They  are  also  found 
on  another  line,  South  of  his.  Which  of  the  preceding  coursea 
were  con'oet,  and  where  does  the  true  line  lie  ? 

The  question  was  investigated  as  follows.  There  were  no  old 
records  of  variation  at  the  precise  locality,  but  it  lies  between  the 
lines  of  equal  variation  which  pass  through  New-Yorb  and  Boston, 
its  distance  from  the  Boston  line  being  about  twice  ita  distance  from 
the  Keir-York  line.  The  records  of  those  two  cities  (referred  to 
in  Art.  (317))  could  therefore  be  used  in  the  manner  explained 
in  Art.  (§18)-  For  the  later  dates,  observations  at  New-Haven 
could  serve  as  a  check.  Combining  all  these,  the  author  inferred 
the  variation  at  the  desired  place  to  have  been  as  follows : 
In  1715,  Variation  8°  02'  West. 

In  1765,        "       5°  82'     "  Decrease  since  1735,  2°  30'. 

In  1789,         "        50  05'      "  Decrease  since  1765,  0=-  2T'. 

In  1845,        "       70  23'     "  Increase  since  1789,  2°  18'. 

We  are  now  prepai'ed  to  examine  the  correctness  of  the  allowances 
made  hy  the  old  surveyors. 

The  course  run  by  Mr.  B.  in  1765,  N.  87<^  30'  E.  made  an 
allowance  of  2°  30'  as  the  decrease  of  variation,  agreemg  precisely 
with  our  calculation.  The  course  of  Mr.  0.  in  1789,  N.  86°  18' 
E  all  w  d  a  change  of  1°  12',  wMcli  was  wrong  by  our  calcula- 
t  n  wl  h  ^vca  only  about  27',  and  was  deduced  from  three  dif- 
f  nt  ords.  Mr.  D.  in  1845,  ran  a  course  of  N.  88°  30'  E, 
alhn  tl  e  increase  of  variation  since  1789,  2=*  12'.  Our  estimate 
wa  2  18',  the  difference  being  comparatively  small.  Our  con- 
lus  n  then  ia  this :  the  second  surveyor  retraced  correctly  the  Ima 
f  tl  fii  fc :  the  third  surveyor  ran  out  a  n&m  and  incorrect  line :  and 
th  f  u  th  surveyor  correctly  retraced  the  line  ofthe  third,  and  found 
his  marks,  hut  this  line  was  wrong  originally  and  therefore  wrong 
now.  All  the  surveyors  ran  their  lines  on  the  supposition  that  the 
original  "  due  East  and  West  line  "  meant  East  and  West  as  tho 
needle  pointed  at  the  time  of  the  original  siu'vey. 

The  preponderance  of  the  testimony  as  to  old  land  marus  agi'eed 
with  the  results  of  the  above  reasoning,  and  the  decision  of  tb? 
court  was  in  accordance  therewith. 
14 
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In  tKe  above  figure  the  horizontal  and  vertical  lines  represent 
true  East  and  North  lines ;  and  the  two  upper  lines  ruiming  from  left 
to  right  represent  the  two  lines  set  out  by  tlie  surveyors  and  in  the 
years,  there  named. 

(323)  Remedy  for  the  evils  of  ihc  Hccular  clianj^e,      Th" 

onlj  complete  remedy  for  the  disputuS,  and  the  uncertaiaty  of 
bounds,  resulting  from  the  continued  change  in  the  variation,  is 
this.  Let  a  Meridian,  i.  e.  a  true  North  and  South  line,  he  estab- 
lished in  every  town  or  county,  by  the  authority  of  the  State ; 
monuments,  such  as  stones  set  deep  in  the  ground,  being  placed  at 
each  end  of  it.  Let  every  surveyor  be  obliged  by  law  to  test  hia 
compass  by  this  line,  at  least  once  in  ea«h  year.  I'liia  he  could 
do  as  easily  as  in  taking  the  Bearing  of  a  fence,  bj  setting  hia 
iastrument  on  one  monument,  and  sighting  to  a  staff  held  on  the  other. 
Let  the  variation  thus  ascertained  be  inserted  in  tho  notes  of  the 
survey  and  recorded  in  the  deed.  Another  surveyor,  years  or 
centuries  afterwards,  could  test  hia  compass  by  taldng  the  Bearing 
of  the  same  monuments,  and  the  difference  between  this  and  the 
former  Bearing  would  he  the  change  of  variation.  He  could  thus 
determine  with  entire  certainty  the  proper  allowance  to  be  made 
(as  in  Art.  (321))  in  order  to  retrace  the  ori^al  line,  no  matter 
how  much,  or  how  irregularly,  the  variation  may  have  changed,  or 
how  badly  adjusted  was  the  compass  of  the  original  survey.  Any 
permanent  line  employed  ia  the  same  manner  as  the  meridian  line, 
would  answer  the  same  purpose,  though  less  conveniently,  and  every 
surveyor  should  have  such  a  line  at  least,  for  his  own  use,* 

*  rhia  remedy  seema  lo  havs  been  fii'st  suggested  by  Hittenhonse.  It  lias  since 
been  recommended  by  T.  Sopwith,  in  1833;  by  B.  F.  Johnann,  in  1831,  aiid  by 
W,  Roberts,  of  Troy,  in  1839.  THe  errors  of  re-surveys,  in  which  the  change 
is  neglected,  were  nolieed  in  the  "  FhilosoiihicalTi-ansaclioiie,"  as  long  ago  as  1679 
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TRANSIT  AND  THEODOLITE  SURVEYING; 

By  the  Third  Method. 


TUB   MSTEUMEBJTS. 


(321)  The  Transit  and  The  Theodolitb  (figures  of  whicli  arc 
^ven  on  the  next  two  pages)  are  G-oniometers,  or  Anglo-Meaaurera. 
Each  consists,  essentially,  of  a  circular  plate  of  metal,  supported  in 
Buch  a  manner  as  to  be  horizontal,  and  divided  on  ita  outer  circum- 
ference into  degrees,  and  parts  of  degrees,  ThrougJi  tho  centre  of 
this  plate  passes  an  upright  axis,  and  on  it  is  fixed  a  second  circur 
ar  plate,  which  neai'ly  touches  the  first  plate,  and  can  turn  freely 
around  to  the  right  and  to  the  left.  This  second  plate  carries  a 
Telescope,  which  rests  on  upright  standards  firmly  fixed  to  the 
plate,  and  ■which  can  be  pointed  upwards  and  downwards.  By 
the  combination  of  this  motion  and  that  of  tlie  second  plate  around 
)ta  axis,  the  Telescope  can  be  directed  to  any  object.  The  second 
plate  has  some  mark  on  its  edge,  such  as  an  an-ow-head,  which 
serves  as  a  pointer  or  index  for  the  divided  circle,  like  the  han:l  of 
a  clock.  When  the  Telescope  is  directed  to  one  object,  and  then 
turned  to  tJie  right  or  to  the  left,  to  some  other  object,  this  index, 
wliich  moves  with  it  and  passes  around  the  divided  edge  of  the 
other  plate,  points  out  the  arc  passed  over  by  this  change  of  direc- 
tion, and  thus  measures  the  angle  made  by  the  lines  imagined  to 
pass  from  the  centre  of  the  instrument  to  the  two  objects. 


Hosted  by 


Google 


212  TBISSIT  AS»  TBEOIWLITE  SmVEflSG.    [paht 

THE  TRANSIT. 
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THE  THEODOLITE. 

Fig.  513 
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(S25)  DistincCiou.  The  preceding  description  applies  to  both 
the  Transit  and  the  Theodolite.  But  an  esseiitial  difference 
between  tliem  is,  that  in  the  Transit  the  Telescope  can  turn  com 
pletely  over,  so  as  to  look  both  forward  and  backward,  while  in 
the  Theodolite  it  cannot  do  so.     Hence  the  name  of  the  Transit.* 

This  capability  of  reversal  enables  a  straight  line  to  be  prolonged 
from  one  end  of  it,  or  to  be  ranged  out  in  both  directions  from  any 
one  point.  The  Telescope  of  the  Theodolite  can  indeed  be  taken 
out  of  &.e  Y  shaped  supports  in  which  it  rests,  aad  be  replaced 
end  for  end,  but  this  operation  is  an  imperfect  substitute  for  tlie 
revolution  of  the  Telescope  of  the  Transit.  So  also  is  the  turning 
halfway  around  of  the  upper  plate  which  carries  the  Telescope. 

The  Theodolite  has  a  level  attachedto  its  Telescope,  and  a  veridcaj 
circle  for  measuring  vertical  angles.  The  Transit  does  not  usually 
have  these,  though  they  are  sometimes  added  to  it.  The  instru- 
ment may  then  be  named  a  Transit^Theodolite.  It  then  corre- 
sponds to  the  altitude  and  azimuth  instrument  of  Astronomy.  Aa 
the  greater  part  of  the  points  to  be  explained  ai-e  common  to  both 
the  Transit  and  the  Theodolite,  the  descriptions  to  be  given  may 
be  regarded  as  applicable  to  either  of  the  instruments,  except  when 
the  contrary  is  expressly  stated,  and  some  point  peculiar  to  either 
is  noticed. 

(326)  The  great  value  of  these  instruments,  and  the  accuracy 
of  their  measurements  of  angles  are  due  chiefly  to  two  things ;  to 
the  Telescope,  by  which  great  precision  in  sighting  to  a  point  is 
obtained ;  and  to  the  Yemier  Scale,  which  enables  minute  portions 
of  any  arc  to  be  read  with  ease  and  correctness.  The  formei- 
assists  the.  eye  in  directing  the  line  of  sight,  and  the  latter  aids  it 
in  reading  off  the  .  results.  Arrangements  for  ^ving  slow  and 
steady  motion  to  the  movable  parts  of  the  instruments  add  to  the 
value  of  the  above.  A  contrivance  for  Repeating  the  observation 
of  angles   still  fai-ther  lessens  the  unavoidable  inaccuracies  of 


*  It  ia  sometimes  called  the  "Engineers' Transit,"  or  "Railroad  Transit,"  to 
(TietingniBh  it  from  tlie  AEtronomical  Trail  si  t-iusttumatit.  Ia  this  counti'j  it  hoi 
«lmoBt  entirely  supplanted  the  Theodolite. 
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The  inaccurate   1  f  the  limb  of  the  mstrument  ia  also 

averaged  and  thus  imu  al  d  by  the  last  arrangement.  Its  ■want 
of  true  "  centrii  j,  en  ed   d  hj  reading  off  on  opposite  sidea 

of  the  circle. 

Imperfections  m  the  parallelism  and  perpendicularity  of  the  parts 
of  the  instrument  ia  whi^h  those  qualities  are  required,  are  cor- 
rected by  various  "  adjustments,"  made  by  the  various  screws 
whose  heads  appear  in  the  engravings. 

The  aiTangements  for  attaining  all  these  objects  render  necessary 
the  n  n  e  0  s  paita  and  apparent  complication  of  the  instrument. 
But  til  c  ilcat  Q  disappears  when  each  part  ia  examined  ia 
turn  and  ts  sea  n1  relations  to  the  rest  are  distinctly  indicated. 
Tha  ■ne    ow  jr  jose  t    do,  after  explaining  the  engravings. 

(327)  In  &e  figures  of  the  instruments,  ^ven  on  pages  212  and 
213,  the  same  letters  refer  to  both  figures,  ao  far  aa  the  parta  are 
common  to  both.*  L  is  the  limb  or  divided  cirele.  V  ia  the 
index,  or  "Vernier,"  which  moves  around  it.  In  the  Transit,  only 
a  small  portion  of  the  divided  hmb  is  seen,  the  ujtper  circle  (which 
in  it  is  the  movable  one)  covering  it  completely,  so  that  only  a 
short  piece  of  the  arc  is  visible  through  an  opening  in  the  upper 
plate,  S,  S,  are  standards,  fastened  t»  the  upper  plate  and  sup- 
portmg  the  telescope,  EO.  G  is  a  compass-box,  also  fastened  to 
the  upper  plate,  c  ia  a  clamp-acrewjwhioh  presses  together  the  two 
plates,  and  prevents  one  from  moving  over  the  other,  i  is  a  tangent- 
screw,  or  slow-motion  screw,  which  gives  a  slow  and  gentle  motion 
to  one  plate  over  the  other.  C  is  a  clamp-screw  which  fastens  the 
lower  plate  to  the  body  of  the  instrument,  fsid  thus  prevents  it  from 
moving  on  its  own  axis.  T  ia  the  tangenb-sorew  to  give  this  part  a 
slow-motion.  P  and  P'  are  parallel  plates  through  which  pass  foui 
sorewa,  Q,  Q,  Q,  Q,    by  which  the  circular  plate  L  is  made  level. 

'  The  arrnngemeuta  of  thsae  inatninieHta  are  diffei'enlly  made  by  almost  every 
malterj  but  any  form  of  tbem  being  thoroughly  onderBtoiid,  any  new  one  will 
catiae  no  fliffioulty.  The  figure  of  the  Transit  was  drawn  fram  one  made  by  W. 
&  L.  E,  Gurlay,  of  Troy,  N.  Y,  to  the  latter  of  whom  Ihe  Author  is  indebted  foi 
wime  valaable  information  i-eapecting  the  details  nf  the  instrument,  Tho  Theodo 
iio  ia  of  the  favorite  Hngliah  form. 
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as  dotermiiied  by  the  bulibles  in  tJie  small  spirit  leTels,  3J,  B,  of 
which  there  are  two  at  right  angles  to  each  other. 

In  the  figure  of  the  Theodolite,  the  large  level  h,  and  the  semi- 
circle NN  are  for  the  purposes  of  LeveOing,  and  of  measurhiji 
Vertical  angles.     They  will  therefore  not  be  described  in  this  place. 

(32S)  As  the  value  of  either  of  these  instruments  depends 
greatly  on  the  accurate  fitting  and  bearings  of  the  two  concentric 
vertical  axes,  and  as  their  connection  ought  to  be  thoroughly  under- 
stood, &  vertical  section  through  the  body  of  tiie  instrument  ia 
^ven  in  Fig.  214,  to  half  the  real  aize.     The  tapering  spindle  or 


inverted  frustum  of  a  cone,  marked  AA,  supports  the  upper  plate 
BE,  which  carnee  the  index,  or  Verniers,  V,  V,  and  the  Telescope. 
The  whole  bearing  of  this  plate  is  at  C,  C,  on  the  top  of  the  hollow 
inverted  cone  EB,  in  which  the  spindle  turns  freely,  but  steadily. 
This  interior  position  of  the  beaiings  preserves  them  from  dust 
and  injury.  This  hollow  cone  carries  the  lower  or  graduated  plate, 
und  it  can  itself  turn  around  on  the  bearings  D,  D,  carrying  with  it 
the  lower  circle,  and  also  the  upper  one  and  all  above  it. 

The  Vernier  scales  V,  V,  are  attached  to  the  upper  plate,  but 
lie  in  tlie  same  plane  as  the  divisions  L,  L,  of  the  lower  plate,  (so 
that  the  two  can  be  viewed  together,  without  parallax,)  and  are 
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eoverecl  ivlth  glass,  to  exclude  dust  and  moisture.  In 
the  figui'o  the  hatchings  are  drawn  in  different  directions 
on  tlie  parts  ivhich  move  with  the  Vernier,  and  on 
thoae  which  move  only  ivitli  the  limb. 

(329)  T!ic  Telescope,  This  is  a  combination  of 
lenses,  placed  in  a  tube,  and  ao  an-anged,  in  accordance 
with  the  laws  of  optical  science,  that  an  image  of  any 
object  to  which  the  Telescope  may  be  directed,  is  formed 
within  the  tube,  (by  the  rays  of  light  coming  from 
the  object  and  bent  in  passing  tlirough  the  object-gSaas) 
and  there  magnified  by  an  Eye-glass,  or  Eye-piece,  com- 
posed of  several  lenses.  The  arrangement  of  these  lenses 
are  very  various.  Those  two  combinations  which  are  pre- 
ferred for  surveying  instruments,  will  be  here  explained. 

Pig.  215  represents  a  Telescope  which  inverts  objects. 
Any  object  is  rendered  visible  by  every  point  of  it  send- 
ing forth  rays  of  Hght  in  every  direction.  In  this  figure, 
the  highest  and  lowest  points  of  the  object,  which  here  is 
an  arrow,  A,  are  alone  considered.  Those  of  the  rays 
proceeding  from  them,  which  meet  the  object-glass,  0, 
form  a  cone.  The  centi-e  Ime  of  each  cone,  and  its  ex- 
treme upper  and  lower  lines  are  alone  shotvn  in  the 
figure.  It  ^rill  be  seen  tliat  these  I'ays,  after  passing 
through  the  object-glass,  are  refracted,  or  bent,  by  it, 
so  as  to  cross  one  another,  and  thus  to  form  at  E  an 
inverted  image  of  tlio  object.  This  would  be  rendered 
visible,  if  a  piece  of  ground  glass,  or  other  semi-transpa- 
rent substance,  was  placed  at  the  point  B,  which  is  called 
Giefomis  of  the  object-glass.  The  rays  which  form  this 
image  continue  onward  and  pass  through  the  two  lenses 
C  and  D,  which  act  like  one  magnifying  glass,  so  that 
the  rays,  after  being  refracted  by  them,  enter  the  eye 
at  such  angles  as  bi  form  there  a  magnified  and  invert- 
ed image  of  the  object.  This  combination  of  the  two 
plano-convex  lenses,  0  and  D,  is  known  as  "Kamsden's 
Eyepiece." 
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Tliis  Telescope,  inverting  objecte,  bIiowb  tliem  upside  ...^  , 
doivn,  and  the  right  side  on  the  left.  They  can  be 
shown  erect  by  adding  one  or  two  more  lenses  as  in  the 
marginal  figure.  But  as  these  lenses  absorb  hght  and  les- 
sen the  distinctness  of  vision,  the  former  arrangement  is 
preferable  for  the  glasses  of  a  Transit  or  a  TheodoHte. 
A  little  practice  makes  it  equally  convenient  for  the 
observer,  who  soon  becomes  accustomed  ta  seeing  his 
tlagmen  atandmg  on  their  heads,  and  soon  leai-ns  to 
motion  them  to  the  right^when  he  wishes  them  to  go  to 
the  left,  and  vice  versa. 

Figure  216  represents  a  Telescope  which  shows  ob- 
jects erect.  Its  eye-piece  has  four  lenses.  The  eye- 
piece of  the  common  terrestrial  Telescope,  or  spy-glass, 
has  three.  Many  other  combinatioiia  may  be  used,  all 
intended  to  show  the  object  achromatically,  or  free  from 
false  coloring,  but  tbe  one  here  shown  is  that  most  gene- 
I'ally  preferred  at  the  present  day.  It  wiU  be  seen  tliat 
an  inverted  image  of  the  object  A,  is  formed  at  E,  as 
before,  but  that  the  rays  continuing  onward  are  so 
refracted  in  passing  through  the  lens  C  as  to  again 
cross,  and  thus,  after  farther  refraction  by  the  lenses  D 
and  E,  to  form,  at  ¥,  an  erect  image,  which  is  magni- 
fied by  tlie  lens  G. 

Tn  both  tliese  figures,  tlio  limits  of  the  page  render 
it  necessary  to  draw  the  angles  of  the  rays  very  much 
out  of  proportion. 


(3S0)  Cross-hairs.  Since  a  considerable  field  of 
view  is  seen  in  looking  through  the  Telescope,  it  is 
necessary  to  provide  means  for  directing  the  line  of  sight 
to  the  precise  point  which  is  to  be  observed.  This 
aould  be  effected  by  placing  a  very  fine  point,  such  as 
that  of  a  needle,  within  the  Telescope,  at  some  place 
where  it  could  be  distinctly  seen.  In  practice  this  fine 
point  is  obtained  by  the  intersection  of  two  very  fine 
lines,  placed  in  the  common  focus  of  the  object-glass  and 
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ot  the  eye-piece.  These  lines  are  called  tiie  cross-hairs,  or  cross- 
wires.  Their  intersection  can  be  Been  tlirough  the  eye-piece,  at 
the  same  time,  and  apparently  at  the  same  place,  as  the  image  of  the 
distant  object.  The  magnifying  powers  of  the  eye-pleee  will  then  de- 
tect the  sUghtest  deviation  from  perfect  coincidence.  "  This  appHcar 
tion  of  the  Telescope  may  be  considered  as  completely  annihilat- 
ing that  part  of  the  error  of  observation  which  might  otherwise 
arise  from  an  eiToneous  estimation  of  the  direction  in  which  an 
object  lies  from  the  obserper'a  eye,  or  from  the  centre  of  the  instru- 
ment. It  is,  in  fact,  the  grand  source  of  ali  the  precision  of  modern 
Astronomy,  without  which  all  other  refinements  in  instrumental  work 
manship  would  be  thrown  away."  What  Sir  John  Ilerschel  here 
says  of  its  utility  to  Astronomy,  is  equally  applicable  to  Surveying. 
The  imaginary  line  which  passes  through  the  intereection  of  thi 
cross-hairs  and  the  optical  centre  of  the  object-glass,  is  called  the 
line  of  collimation  of  tiie  Telescope.* 


The  cross-hairs  are  attached  t 
brass,  placed  within  the  Tele- 
scope tube,  through  holes  in 
which  pass  loosely  four  screw-, 
(their  heads  being  seen  at  " 
a,  a,  in  Figs.  212  and  21 !  i 
whose  threads  enter  and  tikt 
hold  of  the  ring,  behind  oi  m 
front  of  the  cross-haus,  as 
shown  (in  front  view  and  m 
section)  in  the  two  figures  in 


a  ring,  or  short  thick  tube  of 


n 


iiiii 


ifte  margin.     Their  movements  will  be  exphmed  m  Chapter  III. 

Usually,  one  cross-htn-  is  houzontil,  and  th.        j.,g  gjg 
other  vertical,  as  in  Fig  217,  but  sometimes  they 
are  arranged  as  in  Fig  218,  which  is  thought  to 
enable  the  object  to  be  bisected  with  moie  preci- 
sion.    A  horizontal  haii  is  sometimes  added 

The  cross-hairg  are  best  made  of  phtmum  wire, 

drawn  out  very  fir.e  by  bemg  pieviously  enclosed 

"  From  the  Latin  word  ColHmo,  or  Colliruo,  meaning  to  direct  one  lliing  to 
straight  liiie,  or  to  aim  at.    The  line  of  aim  wotiU  BipresB  His 


wards  auolher  in 
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ia  a  larger  wire  of  silver,  and  the  silver  then  removed  by  nitric 
acid.  Silk  threads  from  a  cocoon  are  sometimes  used.  Spiders' 
threaiJs  are,  however,  the  moat  nsuai.  If  a  cross-hair  is  broken, 
the  nag  must  be  taken  cut  by  removing  two  opposite  screws,  and 
inserfing  a  wire  -with  a  screw  out  on  its  end,  or  a  stick  of  suitable 
size,  into  one  of  the  holes  thus  left  open  in  the  ling,  it  being  turned 
sidowaja  for  that  purpose,  and  then  removing  the  other  screws . 
The  spider's  threads  are  then  stretched  across  the  notches  seen  in 
the  end  of  the  ring,  and  are  fastened  by  gum,  or  varnish,  or  bees- 
wax. The  operation  is  a  very  delicate  one.  The  following  plan  hag 
been  employed,  A  piece  of  wire  is  bent,  as  in  the  figure,  so  as  to 
leave  an  opening  a  little  wider  than  the  ^'n-  219- 

ring  of  the  cross-hairs.     A  cobweb  is  cho-  ^^^    l\/\/\/\/\/l 
sen,  at  the  end  of  ivhich  a  spider  is  hang- 
ing,  and  it  is  ivound  around  the  bent  wire,  A, 

as  in  the  figure,  the  weight  of  the  insect  'W 

keeping  it  tight  and  stretching  it  ready  for  use,  each  part  being 
made  fast  by  gum,  &c.  When  a  cross-hair  is  wanted,  one  of 
these  ia  laid  across  the  ring  and  there  attached.  Another  method 
is  to  draw  the  thread  out  of  the  sjiider,  persuading  him  to  spin,  if 
he  sullis,  by  tossing  him  from  hand  to  hand.  A  stock  of  such 
threads  must  be  obtained  in  warm  weather  for  the  winter's  wants. 
A  piece  of  thin  glass,  A^ith  a  hmizontal  and  a  vertical  line  etched 
on  it,  may  be  made  a  substitute. 

(33!)  Instrumental  Parallax.  This  is  an  apparent  movemeni 
of  the  cross-hairs  about  the  object  to  which  the  line  of  sight  is 
directed,  taking  place  on  any  slight  movement  of  the  eye  of  the 
observer.  It  is  caused  by  the  image  and  the  eross-haira  not  being 
precisely  in  the  common  focus,  or  point  of  diatinet  vision  of  the 
eye-piece  and  the  object  glass.  To  correct  it,  move  the  eye-piece 
out  or  in  till  the  cros?-hairs  are  seen  clearly  and  sharply  defined 
againet  any  white  object.  Then  move  the  object  glass  in  or  out 
till  the  object  is  also  distinctly  seen.  The  cross-hairs  will  then 
seem  to  be  fixed  to  the  object,  and  no  movement  of  the  eye  will 
cause  them  to  appear  to  change  their  place. 
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(332)  The  milled-headed  screw  seen  at  M,  passing  into  the  tele 

Hcope  has  a  pinion  at  its  other  end  entering  a    ^l^i^?! 

toothed  rack,  aad  is  used  to  move  the  ohject  glass,   ^"^oA/^jvm'vi.'u' 
0,  out  and  in,  according  aa  the  ohject  looked  at  is  %Ar^ 

nearer  or  farther  than  the  one  last  observed.     Short  distances 
require  a  long  tube :  long  distances  a  short  tube. 

The  eye-piece,  B,  is  usually  moved  in  and  out  by  hand,  but  a 
similar  arrangement  to  the  preceding  is  a  great  improvement.  This 
movement  is  necessary  in  order  to  obtain  a  distinct  view  of  the 
cross-hairs.  Short-sighted  persons  require  the  eje-pieee  to  he 
pushed  farther  in  than  persons  of  ordinary  sight,  and  old  or  long- 
sighted persons  to  have  it  drawn  further  out. 

(333)  Supports.  The  Telescope  of  the  Ti-ctneit  is  supported 
by  a  hollow  axis  at  nght  angles  to  it,  which  itself  rests  at  each  end, 
on  two  upright  pieces,  or  standards,  spreading  at  their  bases  so  as 
to  increase  their  stability.  In  the  Theodolite,  the  telescope  rests 
at  each  end  in  forked  supports,  called  YS)  ^^^  their  shape. 
These  Y^  a^^e  themselves  supported  by  a  cross-bar,  which  is  car- 
ried by  an  axis  at  right  angles  to  it  and  to  the  telescope.  This 
axis  rests  on  standards  dmilar  to  those  of  the  Transit.  The  Tele- 
scope of  the  Theodolite  can  be  taken  out  of  the  Ys,  and  turned 
"  end  for  end."  This  is  not  usual  in  the  Transit.  Either  of  the 
above  arrangements  enables  the  Telescope  to  bo  raised  or  depressed 
80  as  to  suit  the  height  of  the  object  to  which  it  is  directed.  A 
telescope  so  disposed  is  called  a  "plunging  telescope." 

In  some  instruments  there  is  an  arrangement  for  raising  or  low- 
ering one  end  of  the  axis.  This  is  sometimes  required  for  reasona 
to  be  given  in  connection  with  "  Adjustments." 

(334)  The  Indexes.  Thesupports,  or  standards,  of  the  telescope 
just  described  are  attached  to  the  upper,  or  index-carrying  circle.* 
This,  as  has  been  stated,  can  turn  freely  on  the  lower  or  graduated 
circle,  by  means  of  its  conical  axis  moving  in  the  hollow  conical 
axis  of  the  latter  circle.     This  upper  circle  carries  the  index,  V, 


a  Ihis  circle  h  the  under  one.    lu  our  figures  it  is  Ihe  nppel 
,  aud  we  ivill  therefore  always  speak  of  it  aa  aach. 
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which  is  an  arrow-head  or  other  mark  on  its  edge,  or  the  zero-point  of 
a  Vernier  scale.  There  are  usually  tivo  of  thessj  situated  exactly 
opposite  to  each  other,  or  at  the  extremities  of  a  diameter  of  the 
upper  circle,  30  that  the  readings  on  the  graduated  circle  pointed  out 
by  them  differ,  if  both  are  correct,  esactly  180^^.  The  object  of  thia 
arrangement  is  to  correct  any  error  of  eccentneity,  arising  from  the 
centre  of  the  axis  which  carries  the  upper  eh'cio,  (and  with  which  it 
and  its  index  pointers  turn),  not  being  precisely  in  the  centre  of  the 
gi'aduated  circle.    In  the  figure,  let  C  '''^ij?'^' 

be  the  true  centre  of  the  graduated  cir- 
cle, hut  C  the  centre  on  which  the  plate 
cari'ying  the  indexes  turns.  Let  AC'B 
represent  the  direction  of  a  sight  tfllten 
to  one  object,  and  D'C'E'  the  direclion 
when  turned  to  a  second  object.  The 
angle  subtended  by  the  two  objects  at 
the  centre  of  the  instrument  is  requir- 
ed. Let  DE  be  a  line  passing  through  C,  and  parallel  to  D'E', 
The  angle  ACD  equals  the  required  angle,  ■which  is  therefore  truly 
measured  by  the  are  AD  or  BE.  But  if  the  are  shown  by  the 
index  is  read,  it  will  be  AD'  on  one  side,  and  BE'  on  the  other ; 
the  first  being  too  small  by  the  are  DD'  and  the  other  too  lai'ge  by 
the  equal  arc  EE'.  If  however  the  half-sum  of  the  two  arcs  AD' 
and  BE'  be  taken,  it  will  equal  the  true  are,  and  therefore  correctly 
measure  the  angle.  Thus  if  AD'  was  19<=,  and  BE'  21°,  their 
half  sum,  20°,  would  be  the  correct  angle. 

Three  indexes,  120°  apart,  are  sometimes  used.  They  have  thp 
advantage  of  averaging  the  unavoidable  inaccuracies  and  iacquali 
ties  of  graduation  on  different  parts  of  the  limb,  and  thus  dimmish 


ing  their  effect  on  the  resulting  angle. 

Four  were  used  on  the  large  Theodolite  of 
the  English  Ordnance  Survey,  two,  A  and  B, 
opposite  to  each  other,  and  two,  C  and  D,  ISO^^ 
from  A  and  from  eaeh  other.  The  half-sum  or 
arithmetical  mean,  of  A  and  E  was  taken,  then 
the  mean  of  A,  C,  and  D,  and  then  the  mean 
of  these  ^wo  means.     But  this  was  wrong,  for 


Fig,  Si2-2. 
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it  gavo  too  great  value  to  tlie  reading  of  A,  and  also  to  B,  tlwugh 

in  a  less  degree ;  since  the  share  of  each  Vernier  in  the  final  mean 

was  as  follows :  A  =  5,  E  =  3,  C  =  2,  D  =  2.     This  results  from 

L               ■     r    a,  ^                 ,  /A  +  B    ,    A  +  C  +  D\ 
the  expression  lor  that  mean,  =  ^  I — - —  +  ^ 1  =  j'-^ 

(5A  +  3B  +  2C  +  211). 

(335)  Tiie  graduated  circle.  This  is  divided  into  three  him- 
dred  and  sixty  equal  parts,  or  Degrees,  and  each  of  these  is  sub- 
divided into  two  or  three  parts  or  more,  according  to  the  size  of  the 
instrament.  In  the  first  case,  the  smallest  division  on  the  circle  will 
of  course  he  80';  in  the  second  case  20'.  More  precise  reading,  to 
single  minuter  or  even  le^s,  is  effected  hj  means  of  the  Vernier  of 
the  index,  all  the  varieties  of  which  ^lill  be  fully  explaineil  in  the 
next  chapter.  The  numbers  lun  from  0^  around  to  860°,  which 
numLer  is  necessarily  at  the  same  point  as  the  0,  or  zero-point.* 
Each  tenth  degree  is  usually  numbered,  each  fifth  degi-ee  is  distiu- 
giushed  by  a  longer  line  of  division,  and  each  ilegree-division  line 
is  longer  than  those  of  the  suh-diviaions.  A  magnifymg  glass  is 
needed  for  reading  the  divisions  with  ea-'^e.  In  the  Theodolite 
engraving  this  is  slionn  at  m.  It  '-houki  be  attaohed  to  each 
Vernier. 

(336)  MOTCmcnts.  When  the  line  of  sight  of  the  telescope  is 
directed  to  a  distant  well-defined  point,  the  unaided  hand  of  the 
observer  cannot  move  it  with  sufficient  delicacy  and  precision  to 
make  the  interseetioD  of  the  cross  hairs  exactly  cover  or  "bisect" 
that  point.  To  effect  this,  a  clamp,  and  a  Tangent,  or  slow-motion, 
screw  are  required.  This  arrangement,  as  applied  to  the  move- 
ment of  tlie  upper,  or  Vernier  plate,  consists  of  a  short  piece  of 
brass,  D,  which  is  attaehed  to  the  Vernier  plate,  and  through 
which  passes  a  long  and  fine-threaded  "  Tangent-screw,"  (.  The 
otiier  end  of  this  screw  enters  into  and  carries  the  clamp.  This 
consists  of  two  pieces  of  brass,  which,  by  turning  the  clamp-screw 
e,  which  passes  through  them  on  the  outside,  can  be  made  to  take 

•  In  some  inatvumenis  ihere  is  Biiollier  concenlric  circle  on  wbkh  the  il^'giem 
«i-e  also  liuinbeieJ  from  0°  lo  91)a  oa  on  the  compass  circle. 
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hold  of  aad  pinch  tightly  the  edge  of  the  lower  circle,  which  Hea 
between  them  oa  the  inside.  The  upper  circle  is  now  prevented 
from  moving  on  the  lower  one ;  for,  the  tangent-screw,  passing 
through  hollow  screws  in  both  the  clamp  and  the  piece  D,  keeps 
them  at  a  fixed  distance  apart,  so  tliat  they  cannot  move  to  or  from 
one  another,  nor  consequentlj  the  two  circles  to  which  tliej  are 
respectively  made  fast.  But  when  this  tangent'Screw  is  turned  by 
its  milled-head,  it  givea  the  clamp  and  with  it  the  upper  plate  a 
smooth  and  slow  motion,  backward  or  forward,  whence  it  is  called 
the  "  Slow  motion  screw,"  as  well  as  "  Tangent^crew,"  from  the 
direction  in  which  it  acts.  It  is  always  placed  at  the  south  end 
of  the  compass-box. 

A  little  different  arriingcmonb  is  employed  to  give  a  similar 
motion  to  the  lower  circle  (which  we  have  hitherto  regarded  as 
immovable)  on  the  body  of  the  instrument.  Its  axis  is  embraced 
by  a  brass  ling,  into  which  enters  another  tangent^serew,  which 
also  passes  through  a  piece  fastened  to  the  plate  P.  The  clamp- 
screw,  C,  causes  the  ring  to  pinch  and  hold  immovably  the  axis  of 
the  lower  circle,  while  a  turn  of  the  Tangent-screw,  T,  will  slowly 
move  the  clamp  ring  itself,  and  therefore  with  it  the  lower  circle. 
When  the  clamp  is  loosened,  the  lower  circle,  and  with  it  every 
thing  above  it,  has  a  perfectly  free  motion.  A  recent  improvement 
is  the  employment  for  this  purpose  of  two  tangent  screws,  pressing 
against  opposite  sides  of  a  piece  projecting  from  the  clauip-ring. 
One  is  tightened  as  the  other  is  loosened,  and  a  very  steady  mo- 
tion is  thus  obtained. 

(337)  LcTClS.  Since  the  object  of  the  instrument  is  to  measure 
horisontal  angles,  the  circular  plate  on  which  they  are  measured 
must  itself  be  made  horizontal.  Whether  it  is  so  or  not  is  known 
by  means  of  two  small  levels  placed  on  the  plate  at  right  angles  to 
each  other.  Each  consists  of  a  glass  tube,  slightly  curved  upward 
in  its  middle  and  so  nearly  Med  with  alcohol,  that  only  a  small 
bubble  of"  air  is  left  in  the  tube.  This  always  rises  to  the  highest 
part  of  the  tubes.  They  are  so  "adjusted"  (as  will  be  explained 
in  chapter  III)  that  when  this  bubble  of  air  is  in  the  middle  of 
the  tubes,  or  its  ends  equidistant  from  the  central  mark,  the  plate 
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on  which  thej  are  fastened  shall  be  level,  which  way  soever  it  may 
be  turned. 

The  levels  are  represented  in  the  figure  of  the  Transit,  on  page 
212,  as  heing  under  the  plate.  'Ihey  are  sometimea  placed  above 
it.  In  that  case,  the  Verniers  are  moved  to  one  side,  between  the 
feet  of  tho  standards,  and  one  of  the  levels  is  fixed  between  the 
standards  above  one  of  the  Verniers,  and  tlio  other  on  the  plate  at 
the  south  end  of  the  compass-box. 

(338)  Parallel  FlatCSt  lo  raise  or  lower  either  side  of  the 
circle,  so  as  to  bring  the  hubblea  into  the  centres  of  the  tubes, 
recjuires  more  gentle  and  steady  movements  than  the  unaided  hands 
can  give,  and  is  attained  by  the  Parallel  Plates  P,  P',  (so  called 
because  they  are  never  parallel  except  by  accident),  and  their 
four  screws  Q,  Q,  Q,  Q,  which  hold  the  plates  firmly  apart,  and,  by 
being  turned  in  or  out,  raise  or  lower  one  side  or  the  other  of  the 
upper  plate  P',  and  thereby  of  the  graduated  circle,  The  two 
plates  aie  held  tOj,ether  by  a  ball  and  socket  joint.  To  level  the 
instrument,  bosen  the  lower  clamp  and  turn  the  circle  till  each 
level  13  paiallel  to  the  veitical  plane  passing  through  a  pair  of 
opposite  sciei^a  Then  take  hold  of  two  opposite  screws  and  turn 
them  simu!taneo!i=!l>  and  eqinlly,  but  in  contrary  directions,  screw- 


mg  one  in  and  th;,  other  out,  ia  slnwn  by  the  arrows  in  the  figures. 
A  lule  eisilv  lemenibeied  is  that  both  thumbs  must  turn  in,  or  both 
out  The  movements  lepresented  in  the  first  of  these  figures  would 
nise  the  lelt  hind  side  of  the  ciicle  and  lower  the  right-hand  side. 
Ihe  movements  of  tlie  second  figure  would  produce  the  reverse 
efli.ct  Cire  is  needed  to  turn  the  opposite  screws  equally,  so  that 
they  sh  ill  not  become  so  boso  that  the  instrument  will  rock,  or  so 
tight  as  to  be  ciamped  IVhen  this  last  occurs,  one  of  the  other 
pill  should  be  bosened 

^5 
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Sometimes  one  of  each  paii-  of  the  screws  is  replaced  hy  a  strono 
spring  against  which  the  remaining  screws  act. 

The  French  and  German  instruments  are  usually  supported  hy 
only  three  screws.  In  such  cases,  one  level  is  brought  parallel  to 
one  pair  of  screws  and  levelled  hj  them,  and  the  other  level  hns 
its  bubble  brought  to  ite  centre  by  the  thii-d  screw.  If  there  is 
only  one  level  on  the  iustniment,  it  is  first  brought  parallel  tc  oue 
pair  of  screws  and  levelled,  and  is  then  turned  one  quarter  around 
80  as  to  be  perpendicular  to  tbeni  and  over  the  third  screw,  and  :Le 
operation  is  repeated. 

(S39)  Wafcll  Telescope  'V  s  onl  lelescoie  is  sometimes 
attiwjhed  to  the  lower  part  ot  the  motmmcnt  y\  hen  a  number  of 
angles  are  to  be  observed  fiom  any  one  station,  direct  the  upper 
and  principal  Telescope  to  the  fii'tt  object,  anl  then  direct  tho 
lower  one  to  any  other  well  defined  point  Then  make  all  the 
desired  observations  with  the  upjei  leloc  ^o  and  when  they  are 
finialied,  hiok  again  through  the  loi^ei  one,  t  j  see  that  it  and  there- 
fore the  divided  circle  has  not  1  een  mo'^ed  by  the  movements  of 
the  Vernier  plate.  The  Fiench  call  thi  tie  Wtiiess  Telescope, 
(^Lunette  temoui). 

(3iO)  The  faiiipass.  Upon  the  upper  plate  is  fixed  a  compass. 
Its  use  has  been  fully  explained  iir  Part  III  It  s  1  ttl  d  in 
connection  with  the  Transit  or  Theodolite,  whi  ha  s  u  mpa  a- 
bly  more  accurate,  except  as  a  "  check,"  or  Ittftle 
accuracy  of  the  angles  taken,  which  should  lb  ut  [  1  tl  e  I  ff 
ence  of  the  magnetic  bearings.  Its  use  will  I  fa  tl  n  t  In 
Chapter  IV,  on  "  Jield  Work." 

(S'll)  The  Surrcyor's  Transit.  In  this  instrument  (so 
named  by  its  introducers,  Messrs,  Gurley,  and  shown  in 
Pig.  224),  the  Vernier-plate,  which  carries  the  standards 
and  telescope,  is  under  the  plate  which  eanies  tho  grad- 
uated circle,  and  the  compass  is  attached  to  the  latter. 
By  this  arrangement,  when  the  Vernier  is  set  at  any  angle, 
the  line  of  sight  of  tho  telescope  will  make  that  angle  with 
the  T^.  and  S.  lines  of  tho  compass.  Consequently,  thia 
instrument  can  be  used  jDrecisely  like  the  Vernier  compass 
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The  Instr  meBl 


to  allow  for  magn  t 
ic  vai-iation,  and  thus 
to  iim  out  a  line  w  tl 
true  bearings,  as  in  A  t 
(3!2),  or  to  run  oi  t  11 
lines,  allowing  fo  tli 
secular  variation,  as  n 
Art.  (32!). 

The  instrument  y 
also  be  used  lik  tl  c 
common  En  gin  ee 
Transit.  The  con  ].  a 
however,  will  then  not 
give  the  hearings  ot  tli 
lines  surveyed,  but  tl  ey 
eaa  easily  be  ded  eel 
from  that  of  any  o  e 
line. 

(342)  Goniasuiometie      '^ 

strument  to  whicl    tl  o     1     e  n  me  b  s 
given  in  France,  irl  e  e  t  3  m  ch  used  is 
in  the  figure.     The    pj  er  1   li  of  the  c;)  I  n  1  r  3 
movable   on   its  lowor  half.     The  ohservationa 
may  be  taken  through  the  slits,  as  in  the  Survey- 
or's Cross,  or  a  Telescope  may  he  added  to  it. 
Readings  mEty  be  taken  both  from  the  ( 
and  from  the  divided  edge  of  the  lower  half  of 
the  cylinder,  by  means   of  a   Vcraier   on  the 
upper  half.* 


propevi _.      .      . 

_.     Led,  thay   shoald  be  wiped  gently  with  fi 

clean  linen.    If  polialied  with  ail,  they  shonM  be 


erlQoke.1. 
1  fine  and 
.._..__,  ,       ,  be  nibbed 

...  .re  atronffly.  The  parts  neither  vamiahed  nor  oiled,  should 
be  cleaned  with  Spanish  white  and  alcohol.    VBrnisbed  wnod,  whei 

ahonld  be  wiped  with  very  soft  lioen,  inoiElened  with  a  little  olive  oil  o . 

Untainted  wood  is  oleaned  with  Band-paper.     Apply  olive  oil  where  steel  ri 
BRainal  brBBs;  and  wax  softened    by  tidlow  where  brass  rubs  against  brass. — 
C!lean  llie  glasses  with  kid  or  back  skin.     Wush  them,  if  diitied,  with  alcohol. 
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CHAPTER  II. 


VEMIDUS. 

(SIS)  Beflnitioilt  A  Vernier  is  a  contrivance  for  measuring 
smaller  portions  of  space  thaji  those  into  wliich  a  line  is  actually 
divided.  It  consists  of  a  second  line  or  scale,  movable  by  the  side 
of  the  first,  and  divided  into  equal  parte,  which  are  a  very  little 
shorter  or  longer  than  the  parts  into  which  the  first  line  is  divided. 
This  small  difference  is  the  apace  which  we  are  thug  enabled  its 
measure.* 

The  Vernier  scale  is  usually  constructed  by  taking  a  length 
ec(ual  to  any  number  of  parts  on  the  divided  line,  and  then  diiiding 
this  length  into  a  number  of  equal  parts,  one  more  or  one  less  than 
the  number  into  T\'hich  the  same  length  on  the  original  line  is  di- 
vided. 

(344)  Illiist ration.  The  figure  represents  (to  twice  tlie  real 
size)  a  scale  of  inches  divided  into  tenths,  with  a  Vernier  scale 
beside  it,  by  which  hundredths  of  an  inch  can  bo  measured.     The 
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Vernier  is  made  by  setting  off  on  it  9  tenths  of  an  inch,  and  divid- 
ing that  length  into  10  equal  parts.  Each  space  on  the  Vernier 
18  therefore  equal  to  a  tenth  of  nine-tenths  of  an  inch,  or  to  nine- 
iiundredths  of  an  inch,  and  is  consequently  one-hundredth  of  an 
inch  shorter  than  one  of  the  divisions  of  the  original  scale.     The 


tireiy  differ 


•  The  Vernier  i 

BO  named  from 

i^en  impioperly 
Bimilar  oliiect. 

iveu  to  ii,  beloHj 
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Tcrniers. 


first  space  of  tlie  Vernier  will  therefore  fall  sliort  of,  or  le  over- 
lapped by,  the  first  space  on  the  scale  by  this  one-hundredth  of  an 
inch ;  the  second  apace  of  the  Vernier  mil  fall  short  by  two-h\in 
dredtha  of  an  inch ;  and  so  on.  If  then  the  Vernier  be  moved  up 
by  the  side  of  the  original  scale,  so  that  the  line  marked  1  coin- 
cides, or  forms  one  straight  line,  \Yith  the  line  of  the  scalo  which 
was  just  above  it,  we  know  that  the  Vernier  has  been  moved  one- 
huadredtii  of  an  inch.  If  the  line  marked  2  cumea  to  coincide 
with  a  line  of  the  scale,  the  Vernier  has  moved  up  two-bundredths 
of  an  inch ;  and  so  for  otlier  numbers.     If  the  fosition  of  the 
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next  b  1      tl  1  It  tl      d  I  tl     fi 

8  inch         1  C  t    tl     tl         1         in    8  ri      h 

A  Vernier  like  this  is  used  on  some  levelbng  rods,  being  engraved 
on  the  sides  of  the  opening  in  the  part  of  the  target  above  ila 
middle  line.  The  rod  being  divided  into  hundredths  of  a  foot,  this 
Vernier  reads  to  thousandths  of  a  foot.  It  is  also  used  on  some 
French  MowntaJn  Barometers,  which  are  divided  to  hundredths  of 
8  metre,  and  tlius  read  to  thousandths  of  that  unit. 


(315)  General  rules.  To  find  ivhat  any  Vernier  reads  to, 
1.  e.  to  determine  how  small  a  distance  it  can  measure,  observe 
how  many  parts  on  the  original  line  are  equal  to  the  same  number 
mcreased  or  diminished  by  one  on  the  Vernier,  and  divide  the 

*  The  etudeiit  will  do  well  to  draw  sncli  a  scale  Biitl  Vernier  on  two  slips  of 
lliiek  paper,  and  move  one  beside  the  other  till  he  can  read  them  ii.  any  possibla 
posill')n  i  and  so  with  the  following  Verniers. 
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leugtli  of  a  part  on  the  origmal  line  by  this  last  numbei-.  It  will 
give  tJie  required  distance.* 

To  read  any  Vemter,  firatly,  look  at  the  zero  lino  of  tlie  Vor 
nier,  (-whieli  is  sometimes  marbed  by  an  arrow-head),  and  if  il 
coincides  with  any  division  of  the  scale,  that  will  be  the  correct 
leading,  and  the  Vernier  divisions  are  not  needed.  But  if,  aa 
usually  happens,  the  zero  line  of  the  Vernier  comes  between  any 
two  divisions  of  the  scale,  note  the  nearest  next  less  division  on  the 
scale,  and  then  look  along  the  Vernier  till  you  come  to  some  line 
on  it  which  exactly  coincides,  or  forms  a  straight  line,  with  some 
line  (no  matter  which)  on  the  fixed  scale.  The  number  of  this 
Ike  on  the  Vernier  (the  7th  in  the  last  figure)  tells  that  so  many 
of  the  sub-divisions  which  the  Vernier  indicates,  are  to  bo  added  to 
the  reading  of  the  entii-e  divisions  on  the  scale. 

When  seveial  lines  on  the  Veimer  appeal  to  coincide  ei^ually 
with  Ime&    f  the  Bcile,  take  the  middle  line 

When  no  hue  comcide«,  but  one  line  on  the  Vernier  is  on  one 
side  of  a  hne  on  the  scile,  and  the  ne\t  line  on  the  Vernier  is  aa 
far  on  the  other  side  of  it,  tho  true  leading  la  midway  between  those 
indicated  by  these  two  hues. 

(346)  Retrftgrade  Verniers.  The  spaces  of  the  Vcrmor  in 
modem  instniments,  are  usually  each  shorter  than  those  on  the  scale, 
a  certain  number  of  parts  on  the  scale  being  divided  into  a  larger 
number  of  parts  on  the  Vernier. f  In  the  contrary  case,J  there  is 
the  inconvenience  of  being  obliged  to  number  the  lines  of  the  Ver- 
nier and  to  count  their  coincidences  with  tlie  lines  of  the  scale,  in 
ft  retrograde  or  contrary  direction  to  that  in  which  the  numbers  oa 
die  scale  run    We  will  call  such  arrangements  retroffrade  Vemiers. 


•  In  Algebraic  laiioiiage,  Jet  e  equol  ihe 
nnd  B  the  unknoivii  leiigib  of  one  part  on 

length  of  one  part  on  rbe  original  lino, 
tl.eVermer.     Let  m  of  the  fom^er  = 

m  +  I  of  ths  latter.    Then  m«  =-  (m  +  ^ 

')"■     ^-~^T     "^-'■ 

4t-„;t    "~  <-  ■ 

)  I.,  then  «-«=--£-. 

*  1  e.  Algtbraically,  v  = —- 

;i.  e.  ■\Vlien«  =  -^--.. 
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(347)  Dliistfiilio]),  In  tMs  figure,  tte  scale,  as  before,  repre- 
Bents  (to  twice  the  real  size)  inches  diYided  into  tenths,  but  the 
Vernier  is  made  by  dividing  11  parts  of  the  scale  into  10  equal 
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^  «  r-  32  £:>  B  I 
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parts,  each  of  which  ia  therefore  one-tenth  of  eleven-tenths  of  ajs 
inch,  i.  e.  eleven-hundredtha  of  an  inch,  or  a.  tenth  and  a  hun- 
dredth. Each  space  of  the  Vernier  therefore  overlaps  a  space  on 
the  scale  by  one-himdrcdth  of  an  inch.  The  manner  of  reading 
this  Vernier  is  the  same  as  in  the  last  one,  except  that  the  numbers 
run  in  a  reverse  direction.     The  reading  of  the  figure  is  30.16. 

This  Vernier  is  the  one  generally  applied  to  the  common  Baro- 
meter, the  zero  point  of  the  Vernier  being  brought  to  tJie  level  of 
the  top  of  the  mercury,  whose  height  it  then  measures.  It  is  also 
employed  for  levelling  rods  which  read  downwards  from  the  middle 
of  the  target. 


(SIS)  The  figure  below  represents  (to  double  aze)  the  usxial 
BCtdo  of  the  English  Mountain  Barometer.'  The  scale  is  first 
divided  into  inches.     These   are  subdivided  into  tenths  by  the 

Fig,  228. 
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longer  lines,  and  tlie  shorter  lines  again  divicie  tliese  into  half 
tentlis,  or  to  5  hundredths.  24  of  these  smaller  parts  ore  set  off 
on  the  Vernier,  and  divided  into  25  equal  parts,  each  of  which  ia 

24  V    05 
tiierefore  =  — ,;  -"  -  =  .048  inch,  ajid  is  shorter  than  a  division 

cf  the  scale  by  .050  —  .048  =  .002,  or  two  thousandths  of  an  inch, 
a  twenty-fiftli  part  of  a  division  on  the  scale,  to  which  minuteness 
the  Vernier  can  therefore  read.  The  luading  in  tiie  figure  is 
cO.686,  (30.65  hj  the  scale  and  .0S6  by  the  Vernier),  the  dotted 
line  marked  D  sbomng  where  the  coincidence  takes  place. 

C349)  Circle  diylded  inl«  degrfcs.  Tho  following  illustra- 
dons  apply  to  the  measurements  of  angles,  tho  circle  being  vaii- 
ously  divided.  In  this  article,  the  circle  is  supposed  to  he  divided 
into  degrees. 

If  6  spaces  on  the  Vernier  are  found  to  bo  equal  to  5  on  the 
circle,  the  Vernier  can  read  to  one-sixth  of  a  space  on  tho  circle, 
i.  e.  to  10'. 

If  10  spaces  on  the  Vernier  are  equal  to  9  on  the  circle,  tlie 
Vernier  can  read  to  one-tenth  of  a  space  on  the  circle,  i.  o.  to  6'. 

If  12  spaces  on  the  Vernier  are  equal  to  11  on  the  circle,  the 
Vernier  can  read  to  one-twelfth  of  a  space  on  the  circle,  i.  e,  to  5'. 


The  above  figure  shows  such  an  arrangement.  The  index,  or 
goro,  of  the  Vernier  is  at  a  point  beyond  358°,  a  certain  distance, 
wliich  the  coincidence  of  the  third  line  of  the  Veniier  (as  indicated 
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line)  aiioiva  to  be  15'.     Tho  whole  road- 


by  tJie  dotted  and  c 

ing  is  therefore  358°  15'. 

If  20  spaces  on  the  Yernier  are  equal  to  19  on  the  circle,  the 
Vernier  can  read  to  one-twentieth  of  a  d/vision  on  tiie  circle, 
i,  e.  to  3'.  English  compasses,  or  "  Circumferentors,"  are  some- 
times thus  arranged. 

If  60  spaces  on  the  Vernier  are  equal  to  59  on  the  circle,  the 
Vernier  can  read  to  one-sixtieth  of  a  division  on  the  circle,  i.  e.  to  1'. 


(350)   Circle  divMed  to  39',     Such  a  graduation  is   a  very 
mmon  one.     The  Vernier  may  be  variously  constructed. 
Suppose  30  spaces  on  the  Vernier  to  be  equal  to  29  on  the 


I  the  Vernier  ivill  be  = 


30 


'.  29', 


and  will  therefore  be  less  than  a  space  of  the  circle  by  1',  to  which 
the  Vernier  will  then  read. 


The  above  figure  shows  this  arrangement.  The  reading  is  0°, 
or  360°, 

la  the  following  figure,  the  dotted  and  crosscci  line  sho^vs  what 
divisions  coincide,  and  tho  reading  is  20°  10';  the  Vernier  being 
the  same  as  in  the  preceding  figure,  and  its  zero  being  at  a  point 
of  the  circle  10'  beyond  20°. 
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Fig.  231, 


In  the  following  figure,  the  reading  is  20°  40',  the  indt-x  being 
at  a  point  tejond  20°  30',  and  the  additional  space  being  shown 
by  the  Vernier  to  be  10', 


lo^nr^'^slo 
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Sometimes  SO  spaces  on  the  Vernier  are  equal  to  31  on  the  circle, 
31  X  r 


30 


=  31',  and 


Each  space  on  the  Vernier  will  tJiercfore  be  = 

will  be  longer  than  a  space  on  Uie  circle  by  1',  to  vihioh  it  will 
therefore  read,  as  in  the  last  case,  but  the  Vernier  will  he  "  retro- 
grade."    This  is  the  Vernier  of  the  compass,  Fig.  148.     'JChe  pecu- 
liar manner  in  which  it  is  there  applied  is  shown  in  Fig.  239. 
If  15  spaces  on  the  Vernier  are  equal  to  16  on  the  circle,  each 


15 


will  therefore  read  to  2'. 


(35i)    Circle  divided  lo  2tt'.      If  20  spaces  on  the  Vernier 
ire  equal  to  19  on  the  circle,  each  space  of  the  latter  will  be  = 

— ^- — -  =  19',  and  the  Veriuer  will  read  to  20'  — 19'  =  1'. 


If  40  spaces  on  the  Vernier  are  equal  to  41  on  the  circle,  each 

space  on  the  Vernier  will  be  =  — jq =  20^' ;  and  the  Vcp- 

nier  will  therefore  read  to  20^'  —  20'  =  30".  It  will  be  retro- 
grade. In  the  foUowhag  figure  the  reading  is  360°,  or  0°  ',  and  it 
will  be  seen  that  the  40  spaces  on  the  Vernier  (numbered  to  whole 
minutes)  are  equal  to  13°  40'  on  the  limb,  i.  c.  to  41  spaces,  eaeb 
of  20'. 


ces  on  tlie  Vernier  are  equal  to  59  on  the  circle,  each 
59  X  20' 
of  tlie  former  will  he  =  — ^^ —  =  19'  40",  and  tlie  Vernier 
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will  therefore  read  to  20'  — 19'  40"  =  20".  The  following  figure 
shows  Bueh  an  arrangement.  Tho  reading  in  that  position  would 
be  40^  46'  20". 

Fig.  234. 
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(332)  Circle  divWed  to  15'.     If  60  spaces  on  the  Vernier  are 
ei^ual  to  59  on  tho  circle,  each  space  on  tho  Vernier  will  be  = 
59  X  15'       ,,,,-„ 
— ^jj—  ==  14  4d  ,  and  the  Vernier  will  read  to  15".     In  the 

following  figure  the  reading  is  10°  20'  45",  tlie  index  pointing  to 
10°  15',  and  something  more,  which  the  Vernier  shows  to  he  5'  45' 
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(353)  Circle  divided  to  10'.  If  60  spaces  on  tlie  Vernier  bo 
equal  to  59  on  the  limb,  the  Vernier  will  read  to  10".  In  the 
following  figure,  the  reading  is  7"  25'  40",  the  reading  on  the 
circle  being  7°  20',  and  the  Vernier  shoiving  the  remaining  space 
to  be  5'  40". 

Fig.  236. 
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(S5i)  Readtii!?  iiac kn  .trds.  When  an  index  carrying  a  Vei'- 
nier  is  m"^  ed  backivards,  or  in  a  contrary  direction  to  that  in 
which  the  numbers  on  the  circle  run,  if  we  wish  to  read  the  space 
which  it  has  passed  over  in  tliis  direction  from  the  zero  point,  tlie 
Vernier  must  he  read  backwards,  (i.  e,  the  highest  number  be 
called  0),  or  its  actual  reading  must  be  subtracted  from  the  value 
of  the  smallest  space  on  the  circle.  The  reason  is  plain ;  for, 
since  the  Vernier  shows  how  far  the  index,  moving  in  one  direc- 
tion, has  gone  past  one  division  line,  the  distance  which  it  is  from 
the  next  division  Ime  (which  it  may  be  supposed  to  have  passed, 
moving  in  a  contrary  direction),  will  be  tlie  dillerence  between  the 
reading  and  the  value  of  one  space. 

Thus,  hs  Pig.  229,  page  232,  the  reading  is  358"  15'.  But, 
counting  backwards  from  tio  360",  or  zero  point,  it  is  1'  45'. 

Caution  on  this  point  is  particularly  necessary  in  using  smaJJ 
angles  of  deflection  for  railroad  curves. 
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(355)  Arc  of  excess.  On  tho  soxtanfc  ami  similar  mstni- 
ments,  the  divisions  of  the  limb  are  carried  onward  a  short  distance 
beyond  the  zero  point.  This  portion  of  the  limb  is  called  the  "  Arc 
of  excess."  When  the  index  of  the  Vernier  points  to  this  arc,  tlie 
reading  must  be  made  aa  explained  in  the  last  article.  Thus,  in 
the  fignre,  the  reaiing  on  tho  arc  from  the  zero  of  the  limb  to  tho 
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zero  of  the  Vernier  is  4°  20',  and  something  more,  and  the  reading 
of  the  Vernier  from  10  towards  to  the  right,  where  the  lines  coin- 
cide, is  3'  20",  (or  it  is  10'  —  6'  40"  =  3'  20"),  and  the  entire 
reading  is  therefore  4°  23'  20". 

(35S)  Double  Verniers.  To  avoid  the  inconveniences  of  read- 
ing  baclcwards,  double  Verniers  are  sometimes  used.  The  figure 
below  shows  one  applied  to  a  Transit.     Each  of  the  Verniers  is 

fig.  233. 
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Verniers. 


like  the  one  described  in  Art.  (350),  Figs.  230,  231,  and  232. 
Wliea  the  degrees  are  counted  to  the  left,  or  as  the  numbers  run, 
as  is  usual,  the  left-hand  Vernier  ia  to  be  read,  as  in  Art.  (350)  ; 
but  when  the  degrees  are  counted  to  the  right,  from  the  300°  line. 
the  right-hand  Vernier  is  to  be  used. 

(357)  Conipass-Vcrnier.     Another  form  of  double  Vernier, 
often  applied  to  the  compass,  is  shown  in  tie  following  figure.    The 


limb  is  divided  to  half  degrees,  and  the  Vernier  reads  to  minutes, 
SO  parts  on  it  being  equal  to  31  on  the  limb.  But  the  Vernier  is 
only  half  as  long  as  in  the  previous  case,  going  only  to  15',  the 
upper  figures  on  one  half  being  a  sort  of  continuation  of  the  lower 
figures  on  the  other  half.  Thus  in  moving  the  index  to  the  right, 
read  the  low&r  figures  on  the  left  hand  Vernier  (it  behig  retro- 
gi-ado)  at  any  coincidence,  when  the  space  passed  over  is  less  than 
15' ;  but  if  it  be  ihore,  read  the  up^er  figures  on  the  right  hand 
Vernier ;  and  vice  versa. 
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ADJCSTMESTS. 

(358)  The  purposes  for  which  tho  Transit  and  Theodolite  (as  well 
as  most  swrveying  and  astronomical  instruments)  arc  to  be  used, 
require  and  presuppose  certain  parts  and  lines  of  the  instrument 
to  be  placed  in  certain  directions  ivith  respect  to  others ;  these  re- 
spective directions  being  uauallj  parallel  or  perpendicular.  Such 
arrangements  of  their  parts  are  called  their  Adjustmrnts.  The 
same  word  is  also  applied  to  placing  these  lines  in  these  directions. 
In  the  following  explanations  the  operations  which  determine 
whether  these  adjustments  are  correct,  will  be  called  their  Verifi- 
cations ;  and  the  malting  them  right,  if  they  are  not  so,  their  Mec- 
tifieations.* 

(359)  In  observations  of  horizontal  angles  with  the  Transit  or 
the  TheottoHte,t  it  is  required, 

1°  That  the  circular  plates  shall  be  horizontal  in  whatever  ivay 
they  may  be  turned  around. 

2°  That  the  Telescope,  when  pointed  fonvard,  shall  look  in  pre- 
cisely the  reverse  of  its  direction  when  pointed  backward,  i.  e.  that 
its  two  lines  of  sight  (or  lines  of  collimation)  forward  and  back- 
ward shaO  lie  in  tho  same  plane. 

3'  That  the  Telescope  in  turning  upward  or  downwai'd,  shall 
move  in  a  truly  vertical  plane,  in  order  that  the  angle  measured 
between  a  low  object  and  a  high  one,  may  be  precisely  the  same 
as  would  be  the  angle  measured  between  the  low  object  and  a  point 
exactly  under  the  high  object,  and  in  the  same  horizontal  plane  as 
the  low  one. 

•  It  has  been  well  aaid,  that  "  In  the  present  slate  of  science  it  may  be  laid 
down  as  n  masim,  that  eveiy  inatminent  Bhould  be  so  contrived,  that  the  observet 
may  easily  examine  and  rectify  rfie  principal  parts  i  for,  however  careful  the 
instrument-maker  may  be,  however  perfect  the  execnlion  thereof,  it  ia  not  possi- 
ble that  any  instrument  ehould  long  remain  accurately  fixed  in  the  position  in 
which  it  came  out  of  the  maker's  hands." — Adats^  "  Geometrical  and  Grapiical 
Eaia.yi,"  1791, 

+  The  .Theodolite  adjastnienta  which  relate  only  to  levelling  or  to  measunuE 
vertical  angles,  will  uot  be  hure  discussed. 
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We  ehall  see  that  all  these  adjustments  are  finally  resolvable 
into  tlie'ie ;  1st,  Making  the  vertical  axis  of  the  instrument  perpen- 
ilioular  to  the  plane  of  the  levels ;  2d.  Making  the  line  of  collima- 
ticn  perpendicular  to  its  axis ;  amd  Sd.  Making  this  axis  parallel 
to  the  plaae  of  the  levels.  They  are  all  hest  tested  by  the  iavalu' 
able  pimciple  of  "  Rever^on." 

We  have  now,  firstly,  to  examine  whether  tliese  things  are  so, 
that  is,  to  "verify"  the  adjustments;  and,  secondly,  if  we  find  that 
theyarenotao,  tomafethemeo,  i.  e.  to  "  rectify,"  or  "  adjust"  them 
correctly.     The  above  three  requirements  produce  as  many  eorre- 


(SflO)  First  adjustment.  2b  cause  the  circle  to  he  horizontal 
in  every  position." 

Verification. — Turn  the  Vernier  plate  which  carries  the  levels, 
till  one  of-  them  is  parallel  to  one  pair  of  the  parallel  plate 
screws.  The  other  will  then  he  parallel  to  the  other  pair,  Bring 
each  bubble  to  the  middle  of  its  tube,  by  that  pair  of  screws  to 
which  it  is  parallel.  Then  turn  the  vernier  plate  half  way  around, 
i.  e.  till  the  index  has  passed  over  180°.  If  the  bubbles  remain 
in  the  centres  of  the  tubes,  they  are  in  adjv^tment.  If  either  of 
them  runs  to  one  end  of  the  tube,  it  requires  rectification, 

Itectification, — The  fault  which  is  to  be  rectified  is  that  the 

plane  of  the  level  (i.  e.  the  plane  tangent  to  tho  highest  point  of 

the  level  tube)  is  not  perpendicular  to  the  vertical  axis,  AA  in 

figure  214,  on  which  the  plate  tm-ns.     For,  let  AB  represent  this 

Fig.  240.  Fig.  S41. 


plane,  seen  edgeways,  and  CD  the  centre  line  of  the  vertical  aoa, 
f  his  applisB  equally  to  tho  Transit  and  the  Theodolilo. 
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wliich  13  here  drawn  as  making  an  acute  angle  with  this  plan? 
on  the  light  hand  side.  The  first  figure  represents  the  bubble 
brought  to  the  centre  of  the  tube.  The  second  figure  represents 
the  plate  turned  half  around.  The  centre  line  of  the  axis  is  sup- 
posed to  remain  unmoved.  The  acute  angle  will  now  be  on  the 
left  hand  side,  and  the  plate  will  no  longer  be  horizontal.  Conse- 
quently the  bubble  will  run  to  t]ie  higher  end  of  the  tnbo.  The 
rectification  necessary  is  evidently  to  raise  one  end  of  the  tube  and 
lower  the  other.  The  real  error  has  been  doubled  to  the  eye  by 
the  reversion.  Half  of  the  motion  of  the  bubble  was  caused  by  the 
tangent  plane  not  being  perpendicular  to  the  axis,  and  half  by  this 
axis  not  being  vertical.  Therefore  raise  or  lower  one  end  of  the 
level  by  the  screws  which  fasten  it  to  the  plate,  till  the  bubble 
comes  about  half  way  back  to  the  centre,  and  then  bring  it  quite 
back  by  turning  its  pair  of  parallel  plate  screws.  Then  again 
reverse  the  vernier  plate  180°.  The  bubble  should  now  remain  in 
the  centre.  If  not,  the  operation  should  be  repeated.  The  same 
must  be  done  with  the  other  level  if  required.  Then  the  bubbles 
will  remain  in  the  centre  during  a  complete  revolution.  This 
proves  that  the  axis  of  the  vernier  plate  is  then  vertical ;  and  as 
it  has  been  fixed  by  the  maker  perpendicular  to  the  plate,  tha 
latter  must  then  be  horizontal. 

It  is  also  necessary  to  examine  whether  the  bubbles  remain  in 
the  centre,  when  the  divided  circle  is  turned  round  on  its  axis. 
If  cot,  the  axes  of  the  two  plates  are  not  parallel  to  each  other. 
The  defect  can  be  remedied  only  by  the  maker ;  for  if  the  bubbles 
be  altered  so  as  to  be  right  for  this  reversal,  they  will  be  wrong 
for  the  vernier  plate  reversal 

(391)  Second  adjustment)  To  cauge  the  line  of  coilimation  to 
revolve  in  a  plane.' 

Verifieation.  Set  up  the  Transit  in  the  middle  of  a  level  piece 
of  ground,  aa  at  A  in  the  figure.  Level  it  carefully.  Set  a  stake, 
with  a  nail  driven  into  its  head,  or  a  chain  pin,  as  far  from  the 
matrument  aa  it  is  distinctly  visible,  aa  at  B.  ■  Direct  the  telescope 
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to  it,  and  fix  tlie  intersection  of  the  crosa-haira  very  precisely  upon 
it.  Clamp  the  instrument.  Measure  from  A  to  B.  Then  turn 
over  the  telescope,  and  set  another  stake  at  an  equal  distance  from 
the  Transit,  and  also  precisely  in  the  line  of  sight.  If  the  line  of 
coUimaUon  has  not  continued  in  the  same  plane  during  \\s  half-revo- 
lution, this  stake  mil  not  he  at  E,  hut  to  one  side,  as  at  C.  To 
discover  tlie  truth,  loosen  the  clamp  and  turn  the  vernier  plate  half 
around  without  touching  tho  telescope.  Sight  to  B,  as  at  first,  and 
sLgaui  clamp  it.  Then  turn  over  the  telescope,  and  the  line  of  sight 
■s\t1I  strike,  as  at  D  in  the  figure,  as  far  to  the  right  of  the  point,  as 
it  did  before  to  its  loft. 

Meetification.  The  fault  which  is  to  he  rectified,  is  tliafc  the  line 
of  collmsation  of  the  telescope  ia  not  perpendicular  to  the  horizontal 
axis  on  -which  the  telescope  revolves.  This  will  he  seen  hy  tho 
figures,  which  represent  the  position  of  the  lines  in  each  of  the  fo\ir 


^ 


ohservationa  which  have  been  made.  In  each  of  the  figures  the 
long  thick  line  represents  tho  telescope,  and  the  short  one  the  axis 
on  which  it  turns.     In  Fig.  243  the  line  of  sight  is  directed  to  B. 
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In  Fig,  244  the  telescope  has  been  turned  over,  and  with  it  the 
axis,  so  that  the  obtuse  angle,  marked  0  in  the  first  figure,  has 
taken  the  place,  0',  of  the  acute  angle,  and  the  telescope  points  to 
C  instead  of  to  E.  In  Fig.  245  the  vernier  plate  has  been  turned 
!ialf  around  so  aa  to  poiut  to  B  again,  and  the  same  obtuse  angle 
hag  got  around  to  0".  In  Fig.  246  the  telescope  has  been  turned 
over,  the  obtuse  angle  is  at  0'",  and  the  telescope  now  points  to  D. 

To  make  the  line  of  collimation  perpendicular  to  the  axis,  the 
foi-mer  must  have  its  direction  changed.  This  is  effected  by  mov- 
ing the  vertical  hair  ilie  proper  distance  to  one  side.  As  was 
esplianed  in  Art.  (330),  and  representee!  in  Fig.  217,  tlie  cross- 
hairs are  on  a  ring  held  by  four  screws.  By  loosening  the  left- 
hand  screw  and  tightening  tlie  right-hand  one,  the  ring,  and  with 
it  the  cross-hairs,  will  be  drawn  to  the  right ;  and  vice  versa.  Tivo 
holes  at  right  angles  to  each  other  pass  through  the  outer  heads  of 
the  screws.  Into  these  holes  a  stout  steel  wire  is  inserted,  and 
the  screws  can  thus  be  turned  around.  Screws  so  made  are  called 
"  capstan-headed."  One  of  the  otlier  pair  of  screws  may  need  to 
he  loosened  to  avoid  sti'aimng  the  threads.  In  some  French  instru- 
ments, one  of  each  pair  of  screws  is  replaced  by  a  spring. 

To  find  how  much  to  move  this  vertical  hair,  measure  from  0  to 
D,  Fig.  242,  page  243.  Set  a  stake  at  the  middle  point  E,  and 
set  another  at  the  point  F,  midway  between  D  and  E.  Move  the 
vertical  hair  till  the  line  of  sight  stiikes  F.  Then  the  instniment 
is  adjusted ;  and  if  the  line  of  sight  be  now  directed  to  E,  it  will 
strike  B,  when  the  telescope  is  turned  over ;  since  the  hair  is 
moved  half  of  the  doubled  error,  DE.  The  operation  ivill  gene- 
rally require  to  be  repeated,  not  being  quite  perfected  at  first. 

It  should  be  remembered,  that  if  the  Telescope  used  does  not 
jnvert  objects,  its  eye-piece  will  do  so.  Consequently,  with  such  a 
telescope,  if  it  seems  that  the  vertical  hair  should  be  moved  to  the 
left,  it  must  be  moved  to  the  right,  and  viee  versa.  An  inverting 
felescope  does  not  invert  the  cross-h^rs. 

If  the  young  surveyor  has  any  doubts  as  to  the  perfection  of  his 
rectification,  he  may  set  another  stake  exactly  under  the  inatrament 
by  means  of  a  plumb-line  suspended  from  its  centre ;  and  then,  in 
Uke  manner,  set  his  Transit  over  B  or  E.     lie  will  find  that  the 
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other  two  states,  A  and  the  extreme  one,  cue  in  the  same  straight 
line  ■with  his  instrument. 

In  some  instruments,  the  horiauntal  axis  of  the  telescope  can  he 
taken  out  of  its  supports,  and  tamed  over,  end  for  end.  In  such 
a  case,  the  hne  of  eight  may  be  directed  to  any  well  defined  point, 
and  the  axis  then  taken  out  and  turned  over.  If  the  hue  of  sight 
again  strikes  tlie  same  point,  this  line  is  perpendicular  to  the  aids. 
If  not,  the  apparent  error  is  double  the  real  error,  as  appears  from 
the  figm'es,  the  obtuse  angle  0  coming  to  0',  and  the  desired  per- 

ir:„  nA-,     -u i;2 ,^ 


pendicular  line  falling  at  C  midway  between  B  and  B'.  The  rec- 
tification may  be  made  as  before ;  or,  in  some  large  instruments,  in 
which  the  telescope  is  supported  on  Ys,  by  moving  one  of  the  ys 
laterally. 

(362)  The  Theodolite  must  be  treated  differently,  since  its  tele- 
scope does  not  reverse.  One  substitute  for  this  reversal,  when  it 
is  desired  to  range  out  a  luie  forward  and  backwaiii  from  one  sta- 
tion, is,  after  sighting  in  one  direction,  to  take  the  telescope  out  of 
the  Ys  and  turn  it  end  for  end,  to  sight  in  the  reverse  direction. 
This  it  can  be  made  to  do  by  adjusting  its  line  of  collimation  as 
explained  in  the  last  article.  Another  substitute  is,  at^r  sighting 
in  one  direction,  and  noting  the  reading,  to  turn  the  vernier  plate 
around  exactly  180".  But  this  supposes  not  only  that  the  gradua^ 
tion  is  perfectly  accurate,  but  also  ihsA>  the  line  of  collimation  is 
exactly  over  the  centre  of  the  circle.  To  test  this,  after  sighting 
to  a  point,  and  noting  tho  reading,  talte  the  telescope  out  of  the 
Ys  and  turn  it  end  for  end,  and  then  turn  the  vernier  plate 
around  exactly  180°.  If  the  line  of  sight  again  strikes  the  same 
point,  the  latter  condition  exists.     If  not,  the  maker  must  remedy 
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•he  defect.     Thia  error  of  eccentricity  is  similar  f»  that  explained 
yith  i-eapect  to  the  compass,  in  the  latter  part  of  Art.  (226), 


(363)  Third  adjastmcut.  To  cause  the  line  of  eolUmatvm  to 
revolve  in  a  vertical  plane* 

Verification.  Suspend  a  long  plumb-line  from  some  high  point. 
Set  the  instrument  near  this  line,  and  level  it  carefully.  Direct 
the  telescope  to  the  plumb-line,  and  see  if  the  intersection  of  the 
cross-haira  follows  and  remains  npon  this  line,  when  the  telescope 
is  turned  up  and  down.     If  it  does,  it  moves  in  a  vertical  plane. 

The  angle  of  a  new  and  well-built  house  will  kna  an  imperfect 
substitute  for  the  plumb-line. 

Otherwise;  the  instrument  being  set  up  and  levelled  as  above, 
place  a  basin  of  some  reflecting  liquid  (quicksilver  being  the  best. 
though  molasses,  or  oil,  or  even  water,  ivill  answer,  though  less  per- 
fectly,) so  that  the  top  of  a  steeple,  or  other  point  of  a  high  object, , 
can  be  seen  in  it  through  the  telescope  by  reflection.  Make  the 
intersection  of  the  cross-hairs  cover  it.  Tlien  turn  up  the  tele- 
scope, and  if  the  intersection- of  the  cross-hairs  bisects  also  tlie 
object  seen  directly,  the  Hne  of  sight  has  moved  in  a  vertical  plane. 
If  a  star  be  taken  as  the  object,  the  star  and  its  reflection  will  be 
equivalent  (if  it  be  nearly  over  head)  to  a  plumb-line  at  least  fifty 
million  million  miles  long. 

Otlierwise ;  set  the  instrument  as  close  as  possible  to  the  base 
of  3,steeple,  or  other  high  object;  level  it,  and  direct     Fig-^^a 
it  to  the  top  of  the  steeple,  or  to  some  other  elevated  ^ 

and  well  defined  point.     Clamp  the  plates.    Turn  down 
the   telescope,  and  set  up  a  pin  in  the  ground  pre- 
cisely "  in  line."     Then  loosen  the  clamp,  turn  over 
the   telescope,   and   turn  it  half-way  around,  or   so         / 
far   as   to   again   sight  to   the   high   point.      Clamp        / 
the  plates,  and  again  turn  down  the  telescope.     If        / 
the  line  of  sight  again  strikes   the  pin,  the  telescope     [_ 
has  moved  in  a  vertical  plane.     If  not,  the  apparent  ^' 
eiTOr  is  double  the  real  error.     For,  let  S  be  the  top  of  the  si 
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(Fig.249)  andP' the  pin ;  then  the  plane  in  \\liich 
the  telescope  moves,  seen  edgewise,  13  SP  ,  and, 
after  being  turned  around,  the  bne  of  si^ht 
moves  in  tie  plane  SP",  as  far  to  one  side  oi 
the  vertical  plane  SP,  as  SP'  was  on  the  itliei 
side  of  it. 

Rectification.  Since  the  second  adiuatment 
causes  tlie  line  of  sight  to  move  in  a  plane  per 
pendicular  to  the  axis  on  which  it  turns  it  i\  lE 
move  in  a  vertical  plane  if  that  axis  be  hoii 
zontal.  It  may  be  made  so  by  filing  ofi  the 
feet  of  the  standarda  which  support  the  higher 
end  of  the  axis.  TMs  will  be  best  done  bv  the 
maker.  In  some  instruments  one  end  of  tin. 
axis  can  be  raised  or  lowered. 

(364)  Centring  cye-piccc.  In  same  in 
stnimenta,  such  as  that  of  wbicb  a  lungitudui  il 
section  is  shown  in  the  margin,  the  innei  end 
of  the  eje-piece  may  be  moved  so  that  tlie  ■ 
cross-hairs  shall  be  seen  precisely  in  the  ccn 
tre  of  its  field  of  view.  This  is  done  bv  means 
of  four  screws,  arranged  in  pairs,  like  those  of 
the  cross-h^-ring  screws,  and  capable  of  mo\ 
ing  the  eye-piece  up  and  down,  and  to  nt,bt 
or  left,  by  loosening  one  and  tightening  the 
opposite  one.  Two  of  them  are  shown  at  1  \. 
in  the  figure;  in  which  B, U,  are  two  of  thi, 
cross-hair  screws. 

(_lf((5)  Centring  object-glass.      Ju   wme 

instruments  four  screws,  similarly  diiaii^cd, 
two  of  wliich  are  shown  at  C,  0,  can  mo^e,  m 
any  direction,  the  inner  end  of  tht  bile  -which 
carries  the  objeel>glass.  The  necessity  foi 
such  an  arrangement  anses  from  the  imp  i<  i 
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bilitj  of  dnning  a  tube  peifectly  straight.  Consequently,  the 
hne  of  colhmation,  nhen  the  tube  is.  drawn  in,  ivill  not  coincide  with 
the  same  hne  nhen  the  tiihe  lo  jushed  out.  If  adjusted  for  ono 
poiitiun,  it  will  theiefoie  be  wrcn^  for  the  other.  These  screws, 
howe^ti,  an  mile  it  light  in  bith  positions.  They  are  used  as 
follows. 

Sight  to  some  well  defined  point  as  far  off  as  it  can  he  di'stinctly 
seen.  Then  revolve  tlie  telescojie  half  around  in  its  supports ; 
i.  e.  turn  it  upade  down.*  If  the  line  of  collimation  was  not  in 
the  imaginary  axis  of  the  nngs  or  collars  on  which  the  telescope 
.rests,  it  will  now  no  longer  bisect  the  object  sighted  to.  Thus, 
if  the  horizontal  hair  was  too  high,  as  in  Fij^.  251.  ttji  line  of 


collimation  would  point  at  first  to  A ,  and  aft«r  being  turned  over,  il 
woald  point  to  E.  The  error  is  doubled  by  the  reversion,  and  it 
should  point  to  0,  midway  between  A  ajid  B.  Make  it  do  so,  by  un 
Bcrewing  the  upper  capstan-headed  screw,  and  screwing  in  the  lower 
one,  till  the  horizontal  hair  is  brought  half  way  back  to  the  point. 
Remember  that  in  an  erecting  telescope,  the  cross-haii-s  are  reversed, 
and  vice  versa.  Bring  it  the  rest  of  the  way  by  moans  of  the 
parallel  plate  screws.  Then  revolve  it  in  the  Ys  bact  to  its  orig- 
inal position,  and  see  if  the  intersection  of  the  cross-hairs  now 
bisects  the  point,  as  it  should.  If  not,  again  revolve,  and  repeat 
the  operation  till  it  is  perfected.  If  the  vertical  hair  passes  to  tlie 
right  or  to  the  left  of  the  point  when  the  telescope  is  turned  half 
around,  it  must  be  adjusted  in  the  same  manner  by  the  other  pair 
of  cross-hairs  screws.  One  of  these  adjustments  may  disturb  the 
other,  and  they  should  be  repeated  alternately.  When  they  aro 
perfected,  the  intersection  of  the  cross-hairs,  when  once  fixed  on  a 
point,  wiU  not  move  from  it  when  the  telescope  is  revolved  in  its 

In  Tteodolitefl,  tha  Telescope  is  i-evolveil  m  the  Ys.  Ii  Transits,  fhe  maker, 
by  whom  this  atljustmeiit  is  iieuolly  performed,  revolves  the  Telescope,  iu  ihs 
same  manuer,  before  it  is  fixed  in  its  ci'oss-baT. 
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supports.     This  double  operation  is  called  adjusting  the  line  of 


This  line  is  now  adjiisted  for  distant  objects.  It  would  he  so  for 
near  ones  also,  if  the  tuhe  were  perfectly  straight.  To  test  this, 
Bight  to  somo  point,  as  near  as  is  distinctly  \isible.  Then  turn  the 
telescope  half  over.  If  the  intersection  does  not  now  bisect  the 
point,  bring  it  half  waj  there  by  the  screws  C,  C,  of  Fig.  250, 
moving  only  ono  of  the  hairs  at  a  time,  as  before.  Then  repeat 
the  former  adjustment  on  the  distant  object.  If  this  is  not  quite 
perfect,  repeat  the  operation. 

This  adjustment,  in  instruments  thus  arranged,  should  precede 
the  first  one  which  we  have  explained.  It  is  usually  performed 
hy  the  mater,  and  its  screws  are  not  visible  in  the  Transit,  being 
enclosed  in  the  ball  seen  where  the  telescope  is  connected  with 
the  cross-bar.t 

All  the  adjustments  should  be  meddled  with  as  little  as  possible, 
lest  the  screws  should  get  loose  ;  and  when  once  made  right  they 
should  be  kept  so  by  cai'eful  usage. 

*  Thia  "adjustment  of  fhe  line  of  coUiiiiation"  has  mei-ely  livoiight  tiie  iulei'sec- 
lion  of  the  oross-Uaii'B  (which  fiies  the  lino  of  Bi^hl)iuto  the  line  joining  the  eeii- 
(res  of  the  collora  on  which  the  teleBoope  tui'iia  la  the  Ys  j  but  the  laaher  is  sup- 
posed to  have  originally  fixed  theoptioal  axis  of  iheteleaeopo  (i.  e.  the  line  joining 
llle  optical  centres  of  the  glasses)  m  the  same  ]iue. 
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CHAPTER  IV. 

THE  FSELO-WORK. 

(368)  To  measure  a  liorizi>ntaI  angle.  Set  up  the  inatrament 
BO  that  its  centre  shall  be  i''>s-  "^~- 

exactly  over  tiie  angu- 
lar point,  or  in  tho  in- 
tersection of  the  two 
lines  whose  difference  of 
direction  is  to  be  measured;  as  at  B  ia  the  figure.  A  plumb 
lino  must  be  suspendeS  from  under  the  centre.  Dropping  a 
stone  is  an  imperfect  substitute  for  this.  Set  the  instrument 
so  that  its  hzver  parallel  plate  may  be  as  nearly  horizontal  aa 
possible.  The  levels  will  serve  as  guides,  if  the  four  parallel-plate 
screws  be  first  so  screwed  up  or  down  that  equal  lengths  of  them 
shall  be  above  the  upper  plate.  Then  level  the  instrument  care- 
fully, as  in  Art.  (3B8).  Direct  the  telescope  to  a  rod,  state,  or 
otlier  object,  A  in  the  figure,  on  one  of  the  lines  which  fonn  the 
angle.  Tighten  the  clamps,  and  by  the  tangent-screw,  (see  Art. 
(336)),  move  the  telescope  so  that  the  intersection  of  the  cross- 
hairs shall  very  precisely  bisect  this  object.  Note  the  reading  of 
the  vernier,  as  explained  in  the  preceding  chapter.  Then  loosen 
the  clamp  of  the  vernier,  and  direct  the  telescope  on  the  other  line 
(as  to  C)  precisely  as  before,  and  again  read.  The  difference  of 
the  two  reading  will  be  the  desired  angle,  ABO.  Thus,  if  the 
first  reading  had  been  40°  and  the  last  190°,  the  angle  would  be 
150°.  If  the  vernier  had  passed  360°  in  turning  to  the  second 
object,  360°  should  be  added  to  the  last  reading  before  subtract- 
ing. Thus,  if  the  first  reading  had  been  300°,  and  the  last  read- 
10°,  the  angle  would  be  found  by  calling  tlie  last  reading,  as 
t  really  is,  360°  +  90°  =  450°,  and  then  subtracting  300°. 

It  is  best  to  sight  first  to  the  left  hand  object  and  then  to  the 
right  hand  one,  turning  "  with  the  sun,"  or  like  the  hands  of  a 
watch,  since  the  numbering  of  the  degrees  usually  runs  in  that 
direction. 
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It  is  convenient,  tliough  not  necessary,  to  begin  by  setting  the 
vernier  at  zero,  by  the  upper  movement  (that  of  the  vernier  plata 
on  the  circle)  and  then,  by  meai.s  of  the  lower  motion,  (that  of 
the  whole  instrument  on  it3  axis),  to  direct  the  telescope  to  the  first 
object.  Then  faat«n  the  lower  clamp,  and  sight  to  the  second 
object  as  before.  The  reading  will  then  bo  the  angle  desired. 
An  objection  to  this  is  that  the  two  verniers  seldom  read  alike.* 

After  one  oc  more  angles  have  been  observed  from  one  point, 
tJie  telescope  must  be  directed  back  to  the  first  object,  and  tlie 
reading  to  it  noted,  so  as  to  make  auro  that  it  has  not  slipped, 
A  watch-t«l6SCope  (see  Art.  339)  renders  this  unnecessary. 

The  error  arising  from  the  instrument  not  being  set  precisely 
over  tbe  centre  of  the  station,  nill  be  greater  the  nearer  the  object 
sighted  to.  Thus  a  difference  of  one  inch  would  cause  an  error  of 
only  3"  in  the  apparent  direction  of  an  object  a  mile  distant,  lint 
one  of  nearly  3'  at  a  distance  of  a  hundred  feet. 

(367)  Rcduciion  of  IilitU  and  low  objpct^.  "When  one  of  the 
objects  sighted  to  is  bighcr  tliai  the  other,  the  "  plunging  tele- 
scope" of  these  instruments  causes  the  angle  measured  to  bo  the 
true  horizontal  angle  desired ;  i.  e.  the  same  angle  as  if  a  point 
exactly  under  the  high  object  and  on  a  level  with  the  low  object 
(or  vice  versa)  had  been  sightod  to.  For,  the  telescope  has  been 
caused  to  move  in  a  vertical  plane  by  the  3d  adjustment  of  Chap- 
ter II,  and  the  angle  measured  is  therefore  the  angle  between  the 
verfioal  planes  which  pass  through  the  two  objecta,  and  which 
"  project"  the  two  lines  of  sight  on  the  same  horizontal  piano. 

This  constitutes  the  great  practical  advantage  of  these  instru- 
ments over  those  which  are  held  in  the  planes  of  the  two  objects 
observed,  such  as  the  sextant,  and  the  "  circle"  much  used  by  the 
French. 

*  The  leavuer  will  do  well  to  gaugHhia  own  precisiou  and  that  of  tlieinBlruiceiit 
(•nd  he  rosy  rest  assuv-ed  that  bis  own  will  be  the  one  chiefly  in  fault)  by  measur- 
ing, from  any  BtBljon,thB  angles  between  Euceeaaive  points  all  around  him,  till  he 
?s!a  back  to  the  first  point,  beginning  at  different  pails  of  the  circle  for  each  engle. 
he  sum  of  all  these  angles  iKoald  exactly  equal  3CiO».  He  will  jimbably  Sad 
i(aite  a  liifferencs  from  that. 
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(Sfi8)    Notation  fif  angles.      The   angles   observed    may   be 

noted  in  various  ways.     Thus,  Uie  obaervittion  of  the  angle  ABC, 

in  Fig.  252,  may  he  noted  "  At  E,  from  A  to  C,  150%"  or  hotter, 

"  At  B,  between  A  and  0, 150'."     In  column  form,  this  becomes 

Between  A|150°[and  C. 

Ai       1    B  I 

IVten  the  vernier  had  been  set  at  zero  before  sighting  to  the 
first  object,  and  other  objects  were  then  sighted  to,  those  objects, 
the  readings  to  which  were  less  ttian  180=',  will  he  on  the  left  of 
the  first  line,  and  tliose  to  which  the  readings  were  more  than 
180°,  will  be  on  its  right,  looking  in  the  direction  in  which  the  sur- 
vey is  proceeding,  from  A  to  B,  and  so  on.* 

(369)  S'robablc  error,  When  a  number  of  separate  ohserva 
tions  of  an  angle  have  been  mado,  the  mean  or  average  of  them  all, 
(obtained  by  dividing  the  sum  of  the  readings  by  their  number,) 
is  taken  as  the  true  reading.  The  "  Probable  error"  of  this  mean, 
is  the  quantity,  (mmutes  or  seconds)  which  is  such  that  there  is  an 
even  chance  of  the  real  error  being  more  or  less  than  it.  Thus, 
if  ten  measurementa  of  an  angle  gave  a  mean  of  35°  18',  and  it 
was  an  equal  wager  that  the  error  of  this  result,  too  much  or  too 
little,  was  half  a  minute,  then  half  a  minute  would  be  the  "  Probable 
error"  of  this  determmation.  This  probable  error  is  equal  to  the 
square  root  of  the  sum  of  the  squares  of  the  errors  (i.  e.  the  differ- 
ences of  each  observation  from  the  mean)  divided  by  the  number 
of  observations,  and  multiplied  hj  the  decimal  0.674489. 

The  same  result  would  be  obtained  by  using  what  is  called 
"  The  weight"  of  the  observation.  It  is  equal  to  the  square  of 
the  number  of  observations  divided  by  twice  the  sum  of  the  squares 
of  the  errors.  The  "  Probable  error"  is  equal  to  0.476936  divided 
by  the  square  root  of  the  weight.  These  rules  are  proved  by  the 
"Theory  of  Probabilities." 

(3Ti>>  To  repeat  an  a!!!,'!c.  Begin  as  m  Art.  (I'M},  an 
measure  the  angle  as  tliere  directed.  Then  unclamp  below, 
snd  turn  tlie  circle  around  till  the  telescope  is  again  directed  tc 
the  first  object,  and  made  to  bisect  it  precisely  by  the  lower  tan- 

•THs  is  ve!7  usefLil  in  preventing  any  HQib:f;uity  in  llie  rinld-iicip,'; 
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gent  screw.  Then  imclamp  above  and  turn  the  vernier  plate  till 
the  telescope  again  pints  to  the  second  object,  the  first  readhig 
remaimng  unchanged.  The  angle  ^11  now  have  been  measured  a 
eecond  time,  but  on  a  part  of  the  circle  adjoining  that  oa  Tfhich  it 
was  first  measured,  the  second  arc  beginning  where  the  first  ended. 
The  difference  between  the  firat  and  last  readings  will  therefore  I)0 
twice  the  angle. 

This  operation  may  be  repeated  a  third,  a  fourth,  or  anj  num- 
ber of  times,  always  turning  the  telescope  back  to  the  first  object 
by  the  lower  movement,  (so  as  to  start  with  the  reading  at  which 
the  preceding  observation  left  off)  and  turning  it  to  the  second 
object  by  the  upper  movement.  Take  the  difference  of  the  first 
and  last  readings  and  divide  by  the  number  of  observations. 

The  advantage  of  this  method  is  that  the  errors  of  observation 
(i.  e.  eightmg  sometimes  to  the  right  and  sometimes  to  the  left  of 
the  true  point)  balance  each  other  in  a  number  of  repetitions ; 
while  the  constant  en-or  of  yraduutinn  U  reduced  in  proportion  to 
this  number.  This  beauliful  prin''ii)le  has  some  imperfections  in 
practice,  probably  arising  from  the  slipping  and  straining  of  the 
ciamps, 

(371)  iBglcs  of  dcflcciiuu.  The  angle  of  deflection  of  one 
line  from  another,  is  the  f 'S-  "■J^- 

angle  which  one  line 
makes  with  the  other 
line  produced.  Thus,  in 
the  figure,  the  angle  of 
deflection  of  BC  from 
AB,  is  B'BC.     It  is  evidently  the  supplement  of  the  angle  ABO- 

To  measure  it  with  the  Transit,  get  the  instrument  at  E,  direct 
the  telescope  to  A,  and  then  tnrn  it  over.  It  will  now  point  in  the 
direction  of  AB  produced,  or  to  B',  if  the  2d  adjustment  of  Chapter 
II,  has  been  performed.  Note  the  reading.  Then  direct  the 
uolescope  to  C.  Kote  the  new  reading,  and  their  difference  will 
be  the  required  angle  of  deflection,  B'BC. 

If  the  vernier  be  set  at  aero,  before  taking  the  first  observation, 
the  reading  for  objects  on  the  right  of  the  first  line  will  be  less  than 
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180',  and  more  than  180°  for  objects  on  the  left;  conversely  tc 
Art.  (368). 

(372)  Line  surTcying.  The  survey  of  a  line,  such  aa  a  road, 
&c,,  can  be  made  by  the  Theodolite  or  Transit,  Tvith  great  precis- 
ion ;  measuring  the  angle  which  eacli  line  makes  with  the  preced- 
ing line,  and  noting  their  lengths,  and  the  necessary  offsets  on  each 
side. 

Short  lines  of  sight  should  he  avoided,  since  a  slight  inaccuracy 
in  setting  the  centre  of  the  instrument  exactiy  oyer  or  under  the 
point  previously  sighted  to,  would  then  much  affect  the  angle,  as 
noticed  at  close  of  Art.  (366).  Very  great  accuracy  can  bo  ob- 
tained by  using  three  tripoda.  Ono  would  be  set  at  the  first  sta^. 
tion  and  sighted  back  to  from  the  nistrument  placed  at  the  second 
station,  and  a  forward  sight  be  then  taken  to  the  third  tripod  placed 
at  the  third  station.  The  instrument  would  then  be  set  on  this 
third  tripod,  a  back  sight  taken  to  the  tripod  remaining  on  the  se- 
cond station,  and  a  foresight  taken  to  the  tripod  brought  from  the 
first  station  to  the  fourth  station ;  to  which  the  instrument  is  next 
taken ;  and  so  on.     This  is  especially  valuable  in  surveys  of  mines. 

The  field-notes  may  be  taken  as  directed  in  Chapter  III  of  Com- 
pass Surveying,  pages  149,  &c.,  the  angles  taking  the  place  of 
the  Bearings.  The  "  Chocks  by  intersecting  Bearings,"  explained 
in  Art.  (2i6),  should  also  be  employed.  The  angles  made  on  each 
side  of  the  stations  may  both  be  measured,  and  the  equality  of  their 
sum  to  360°,  would  at  once  prove  the  accuracy  of  the  work. 

If  the  magnetic  Bearing  of  any  one  of  the  lines  be  given,  and 
that  of  any  of  the  other  lines  of  tiie  series  be  required,  it  can  be 
deduced  by  constructing  a  diagram,  or  by  modifications  of  the  rules 
given  for  the  reverse  object,  in  Art.  (243)- 

(373)  Traversing: :  Or  SiirTCjin^  by  tlie  back-angle.  This  is 
a  method  of  observing  and  recording  the  different  directions  of  suo 
cessive  portions  of  a  line,  (such  as  a  road,  the  boundaries  of  a  farm, 
&e.,)  BO  as  to  read  off  on  the  instrument,  at  ea«h  station,  the  angle 
which  each  line  makes — not  with  the  preceding  line,  but — with  the 
first  line  observed.  This  line  is,  therefore,  called  the  meridian  of 
that  survey. 
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Fig.  254. 


Set  up  the  instrument  at  the  first  angle,  or  second  station,  (B, 
in  the  figure),  of  the  line  to  be  surveyed.  Sight  to  A  and  then  to 
C.  Clamp  the  remier,  and  talre  the  instrument  to  C.  Loosen 
the  lower  clamp,  and  direct  the  telescope  to  B,  the  readmg  remain- 
ing as  if  was  at  B.  Clamp  below,  loosen  above,  and  sight  to  D. 
The  reading  of  the  instrument  will  be  the  angle  which  the  line  CD 
makes  with  the  first  line,  or  Meridian,  AB. 

Take  the  instrument  to  D.  Sight  back  to  C,  and  then  forward 
to  E,  as  before  directed,  and  the  reading  of  the  instrument  will  be 
the  angle  which  DB  makes  with  AB. 

So  proceed  for  any  number  of  Imes. 

When  the  Transit  is  used,  the  angles  of  deflection  of  each  Hne 
from  the  first,  obtained  by  reversing  the  telescope,  may  be  used  in 
"  Traversing,"  and  with  much  advantage  when  the  successive 
lines  do  not  differ  greatly  m  their  directions. 

The  survey  represented  in  the  figure, 
is  recorded  in  the  first  of  the  accompa^ 
nying  Tables,  as  observed  with  the  The- 
odolite ;  and  in  the  second  Table,  as 
observed  with  the  Transit. 

The  chief  advantage  of  this  method  is  its  greater  rapidity  in  the 
field  and  in  platting,  the  angles  being  all  laid  down  from  one  meri- 
dian, as  in  Compass-surveying.  This  also  increases  the  accuracy 
of  the  plat,  since  any  error  in  the  direction  of  one  line  does  not 
affect  the  directions  of  tlie  following  lines.* 

(374)  I'se  of  l!ic  Compu^ss.  The  chief  use  of  the  Compass 
attached  to  a  Transit  or  Theodolite,  is  as  a  check  on  the  observa- 
tions ;    for  the  difference  between  the  magnetic  Bearings  of  any 

■  If  thera  are  two  yeraiers ;  talie  cEiye  always  to  rpail  tne  degreea  from  llie 
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two  lines  sliould  be  tlie  aimo,  appioximately,  as  the  angle  between 
tlicm,  meiiured  by  the  mow  accurate  instrumeiita.  The  Eearing 
also  prevents  any  ambigmtv,  ao  to  ■whether  an  angle  was  taken  to 
the  nght  oi  to  the  left 

The  niStiument  miy  iho  he  used  like  a  simple  compass,  the  tele- 
&cope  taimg  the  place  of  tlie  sight-s,  and  requiring  similai-  teste  of 
aecuiacy.  A  more  preciae  viy  of  taking  a  Bearing  is  to  turn  the 
plate  to  which  the  cjmpass  hex  js  attached,  till  the  needle  points 
to  zeio,  and  note  the  reading  of  the  vernier;  then  sight  to  the 
object,  and  a^am  leod  the  vernier.  The  Bearing  will  thus  be 
obtimed  moie  minutely  thm  the  divisions  on  the  compass  box 
could  sue  it. 


r 


(375)  Jllcasiiriug  distances  Willi  a  telescope  and  rod.  On 
the  eroas-hair  ring,  described  in  Art.  (330),  ati'eteh  two  more  hori- 
zontal spideivthreads  at  equa]  distances  above  and  below  the  ori^- 
nal  one  ;  or  all  may  be  replaced  by  a  plate  of  thin 
glass,  placed  precisely  in  the  focus,  with  the  necessary 
lines,  as  in  the  figure,  etched  by  fluoric  acid.  Let  a 
rod,  10  or  15  feet  long,  be  held  up  at  1000  feet  off,  and  \ 
let  there  be  marked  on  it  precisely  the  length  which 
the  distance  between  two  of  these  lines  covers.  Let  thia  he  subdi- 
vided as  minutely  aa  the  spaces,  painted  alternately  white  and 
red  and  numbered,  can  be  seen.  If  ten  subdivisions  are  raade, 
each  will  represent  a  distance  of  100  feet  off,  and  so  on.  Con- 
tinue these  divisions  over  the  whole  length  of  the  rod.  It  is  now 
ready  for  use.  The  French  call  it  a  stadia.  When  it  is  held  up 
at  any  unknown  distance,  the  number  of  divisions  on  it  intercepted 
between  the  two  lines,  mil  indicate  the  distance  with  considerable 
precision.    It  should  be  tested  at  various  distances. 

A  "  Levelling-rod,"  divided  into  feet,  tenths  and  hundredths, 
may  be  used  as  a  stadia,  with  less  convenience  but  more  precision. 
Experiments  must  previously  determme  at  what  distances  the 
space  between  the  lines  in  the  telescope  covers  one  foot,  &c.  Then, 
at  any  unlmown  distance,  let  the  sliding  "  tai'get"  of  the  rod  be 
moved  till  one  line  bisocta  it,  and  its  place  on  the  rod  be  read  off; 
let  the  target  be  then  moved  so  that  tlie  other  line  bisects  it  and  let 
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its  place  be  again  noted.  Then  the  required  distance  will  be  equal  to 
the  difforcaeo  of  the  reaclmgs  on  the  rod,  in  feet,  multipliecl  by  the 
distance  at  ivliicli  a  foot  was  intercepted  between  the  lines. 

One  of  the  horizontal  haira  may  be  made  movable,  and  jta  dis- 
tance from  the  other,  ivlien  the  space  between  them  exactly  covers 
an  object  of  Lhoith  height,  can  be  ^ery  precisely  measured  by 
counting  the  number  of  turns  and  fractions  of  a  turn,  of  a  screw 
by  which  this  movable  hair  is  raiseil  or  lowered,  A  simple  pro- 
portion will  then  ^ve  the  distance. 

On  sloping  ground  a  double  correction  is  necessary  to  reduce 
tiie  slope  to  the  horizon  and  to  correct  the  oblique  view  of  the  rod. 
The  hoiizontal  distance  is,  in  consequence,  approximately  equai  to 
the  observed  distance  multiplied  by  (ihe  square  of  the  cosine  of  the 
slope  of  the  ground. 

The  latter  of  the  above  two  con-eetions  will  be  dispensed  with 
by  holding  the  rod  perpendicular  to  the  line  of  sight,  with  the  aid 
of  a  right  angled  triangle,  one  side  of  which  coincides  with  the  rod 
at  the  height  of  the  telescope,  and  the  other  side  of  which  adjoining 
the  right  angle,  is  caused,  by  leaning  the  rod,  to  point  to  the  teltw 
scope. 

Other  contrivances  have  been  used  for  the  same  object,  such  as 
a  Binocular  Telescope  with  two  eye-pieces  inclined  at  a  certain 
angle;  a  Telescope  with  an  object>-ijla=!^  cut  into  iwo  movable 
parts:  &c. 

C3J6)  Rauginff  out  lines.  This  is  the  comer=e  of  Surveying 
linea.  The  histmment  is  fixed  over  the  first  station  with  great 
precision,  its  telescope  being  very  carefully  adjusted  to  move  in  a 
vertical  plane.  X  series  of  stakes,  with  nails  driven  in  theh-  tops, 
or  otherwise  well  defined,  are  then  set  in  the  desired  line  as  far 
as  the  power  of  the  instrument  extends.  It  is  then  taken  forward 
to  a  stake  three  or  four  from  the  ]as>t  one  set,  and  is  fixed  over  it, 
first  by  the  plumb  and  then  by  sighting  backward  and  forward  to 
the  first  and  last  stake.  The  line  is  then  continued  as  before.  A 
good  object  for  a  long  sight  is  a  board  painted  like  a  target,  with 
black  and  white  concentric  rings,  and  made  to  slide  in  grooves  out 
hi  the  tops  of  two  stakes  set  in  the  ground  about  in  the  line.  It 
17 
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19  moved  till  tlie  vertical  liair  bisects  the  circles  (\Yhicli  tho  eye 
can  determine  with  great  precision)  and  a  plumb-line  dropped  from 
their  centre,  ^vea  the  place  of  the  stake.  "Mason  k  Dixon's 
Line"  was  thus  ranged. 

If  a  Tranat  be  used  for  ranging,  its  "  Second  Adjustment"  is 
most  important  t»  ensure  tho  accuracy  of  the  reversal  cf  its  Tele- 
scope. If  a  Theodolite  be  used,  the  line  is  continued  by  taming 
file  vernier  180°,  or  by  roversing  the  telescope  in  its  Ys^aa  noticed 
in  Arts.  (325)  and  (362). 

(377)  Farm  Siirvcyiog:,  &c.  A  large  farm  can  be  most  easily 
and  accurately  surveyed,  by  measuring  the  angles  of  its  main  boun- 
dariea  (and  a  few  maan  diagonals,  if  it  be  very  large,)  with  a  The- 
odolite or  Transit,  as  in  Arts.  (366)  or  (371),  and  filling  up  tho 
interior  details,  as  fences,  kc,  with  the  Compass  and  Chain, 

If  the  Theodolite  be  used,  i^ig-  s^o. 

keep  the  field  on  the  left 
hand,  as  in  following  the  or- 
der of  the  letters  in  this 
figure,  and  turn  the  telescope 
around  "  with  the  sun,"  and 
the  angles  measured  as  in  d©- 
Art.  (366),  will  be  the  interior  angles  of  the  field,  as  noted  in  tli« 
figure. 

The  accuracy  of  the  work  will  be  proved,  as  alluded  to  in 
Art,  (257),  if' the  sum  of  all  the  interior  angles  be  equal  te  tho  pro- 
duct of  180°  by  the  number  of  sides  of  the  figure  less  two.  Thus 
in  the  figure,  the  sum  of  all  the  interior  angles  =  540°  =  180°  X 
(5  —  2).  The  sum  of  the  exterior  angles  would  of  course  equal 
180=  X  (5  +  2)  =  1260°. 

If  the  Transit  be  used,  the  farm  should  be  kept  on  the  right 
hand,  and  then  the  angles  measured  wiU  be  the  supplements  of  the 
mterior  angles.  If  the  angles  to  the  right  be  called  positive,  and 
those  to  the  left  negative,  their  algebraic  sum  should  equal  360°, 

If  the  boundary  fines  be  surveyed  by  "  Traversing,"  as  in  Art. 
(373),  the  reading,  on  getting  back  to  the  last  station  and  looking 
back  to  the  first  line,  should  be  S60°,  or  0°. 
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Tho  content  of  any  surface  surveyed  by  "  Traversing  "  >vUh  the 
Transit  can  be  calcalateii  by  the  Traverse  Table,  as  in  Cliapter 
VI,  of  Part  III,  by  &e  following  modification.  When  the  angle 
of  deflection  of  any  aide  from  the  first  side,  or  Meridian,  ia  less  than 
00°j  call  this  angle  the  Bearing,  find  its  Latitude  and  Departure, 
and  call  them  both  plus.  When  tie  angle  is  between  90"  and 
180°,  call  the  difference  between  tho  angle  and  180°  tlie  Bearing, 
and  call  its  Latitude  minus  and  its  Departure  p/ws.  When  the 
angle  ia  between  180°  and  270°,  call  its  clifierenee  from  180°  the 
Bearing,  and  call  its  Latitude  minus  and  its  Departure  minus. 
When  the  angle  is  more  than  270°,  call  its  diEFerence  from  360° 
the  Bearing,  and  call  ita  Latitude  plus  and  its  Departure  minus. 
Then  use  these  as  in  getting  the  content  of  a  Compass-survey. 
The  signs  of  the  Latitudes  and  Departures  follow  those  of  the 
cosmes  and  anes  in  the  successive  quadrants. 

Town-Surveying  would  be  performed  as  directed  in  Art.  (261), 
substituting  "  angles"  for  "  Bearings,"  "  Traversing"  is  the  best 
method  in  all  these  cases. 

Inaocessible  areas  would  be  surveyed  nearly  as  in  Art.  (131), 
except  that  the  angles  of  the  lines  enclosing  the  space  would  be 
measured  with  the  instrument,  instead  of  with  the  chain. 

(378)  Plattingi  Any  of  these  surveys  can  be  platted  by  any 
of  the  methods  explmed  and  characterized  in  Chapter  IV,  of  the 
preceding  Part.  A  circular  Protractor,  Art.  (264),  may  be 
regarded  as  a  Theodolite  placed  on  the  paper.  "  Plattmg  Bear- 
ings," Art.  (365),  can  be  employed  when  the  survey  has  beer, 
made  by  "  Traversing."  But  the  method  of  "  Latitudes  and  De- 
partures," Art.  (285),  is  hy  far  the  most  accurate. 
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TRIANGULAR  SURVEYING: 


By  the  Fourth  Method. 

(379)  Tkianoular  Surveyiso  is  founded  on  tlie  Fourth  MeOwa 
of  detenmniag  the  position  of  a  point,  by  the  intersection  of  two 
known  lines,  as  givcE  in  Art.  (8).  By  an  extension  of  the  pi'inei- 
pie,  a  field,  a  farm,  or  a  country,  can  be  surveyed  by  measuring 
only  one  line,  and  calculating  all  the  other  desired  distances,  wiiieh  are 
made  sides  of  a,  connected  series  of  imaginary  Ti-iangles,  whose 
angles  are  carefully  measured.  The  district  surveyed  is  covered 
with  a  sort  of  net-work  of  such  triangles,  wtenee  the  name  given  to 
this  Itind  of  Sarveying.  It  is  more  commonly  called  "  Trigonome- 
trical Surveying;"  and  sometimes  "  Geodesic  Surveying,"  but  im- 
properly, since  it  does  not  necessarily  tate  into  account  the  curv- 
ature of  the  earth,  though  always  adopted  In  the  great  surveys  in 
which  that  is  considered. 

(380)  Outline  of  operations.  A  base  line,  as  long  as  possible, 
(5  or  10  miles  in  surveys  of  eoimtiies),  is  measured  with  extreme 
accuracy. 

From  its  extremities,  angles  are  taken  to  the  most  distant  objects 
visible,  such  as  steeples,  signals  on  mountain  tops,  &c. 

The  distances  to  these  and  between  these  are  then  calculated  by 
the  rules  of  Trigonometry. 

The  instrument  is  then  placed  at  each  of  these  new  stations,  and 
angles  are  taken  from  them  to  still  more  distant  stations,  the  calcu- 
lated lines  being  used  as  new  base  lines. 

This  process  is  repeated  and  extended  til!  the  whole  district  is 
embraced  by  these  "  primary  triangles  "  of  as  large  sides  as  possible 
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One  side  of  the  last  triangle  is  so  located  tliat  its  length  can  lie 
obtained  by  meaaurDment  as  well  as  by  calculation,  and  tiie  agree- 
ment of  the  two  proves  the  accuracy  of  the  whole  work. 

Within  these  primary  triangles,  secondary  or  smaller  trianglca 
are  formed,  to  fix  the  position  of  the  minor  local  details,  and  to 
Bcrve  aa  starting  points  for  common  surveys  with  chain  and  com- 
pass, &e.     Tertiary  triangles  may  also  be  required. 

The  larger  triangles  are  first  formed,  and  the  smaller  ones  based 
on  them,  in  accordance  with  the  important  principle  in  all  survey- 
ing operations,  always  to  work  from  the  whole  to  tlie  parts,  and  from 
greater  to  less. 

Eaeh  of  these  steps  will  now  ho  ecnsidered  in  turn,  in  the 
following  order : 

1.  The  Base;  articles  (381),  (382). 

2.  The  Triangulatioii ;  articles  (383)  to  (390). 

C.  Modifications  of  the  method;  articles  (391)  to  (395). 

(381)  Itlcasuring  a  Base.  Extreme  accuracy  in  this  is  neces- 
sary, because  any  error  in  it  will  be  mulUpUed  in  the  subsequent 
work.  The  ground  on  which  it  ia  located  must  be  smooth  and  nearly 
level,  and  its  extremities  must  be  in  sight  of  the  chief  points  in  the 
neighborhood.  Its  point  of  beginning  must  be  marked  by  a  stone 
Bet  in  the  ground  with  a  bolt  let  into  it.  Over  tliis  a  Theodolite 
or  Transit  is  to  be  set,  and  the  line  "ranged  out"  as  directed  in 
Art,  (Sje).  The  measurement  may  be  made  with  chains,  (which 
should  be  formed  like  that  of  a  watch,)  &c.  but  best  with  rods.  We 
will  notice  in  turn  their  Materials,  Supports,  Alinement,  Levelling, 
find  Contact. 

As  to  Materials,  iron,  brass  and  other  metals  have  been  used, 
but  are  greatly  lengthened  and  shortened  by  changes  of  tempera- 
ture. Wood  ia  affected  by  moisture.  Glass  rods  and  tubes  ai-e 
preferable  on  both  these  accounts.  But  wood  is  the  most  conve- 
nient. Wooden  rods  should  be  straight-grained  white  pine,  kc, ; 
well  seasoned,  baked,  soaked  in  boiling  oil,  painted  and  varnished. 
They  may  be  trussed,  or  fi-amed  like  a  mason's  plumb-lme  level,  to 
prevent  their  bending.  Ten  or  fifteen  feet  is  a  convenient  length. 
Three  are  required,  which  may  he  of  different  colors,  to  prevent 
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mistakes  in  recording.  Tlioj  must  l)e  very  carefully  compared 
with  a  standard  measure. 

Sti2>port3  must  be  provided  for  tlic  rods,  in  aecuratc  work. 
Posts  set  in  line  at  distances  ecjual  to  the  length  of  the  rods,  may 
be  diiyen  or  aawed  to  a  uniform  line,  and  the  rods  laiid  on  them, 
eitter  directly,  or  on  beams  a  little  shorter.  Tripods,  or  trestles, 
with  screws  in  their  tops  to  raise  or  lower  the  ends  of  the  rods 
resting  on  them,  or  blocks  with  three  long  screws  passmg  throngh 
them  and  serving  as  legs,  may  also  be  use,!.  Staves,  or  legs,  for 
the  rods  have  been  used ;  these  legs  bearing  pieces  which  can  slide 
up  and  down  them  and  on  which  the  rods  themselves  rest. 

The  AUnemetit  of  the  rods  can  be  effected,  if  they  are  laid  on 
the  grotmd,  by  strings,  two  or  three  hundi-ed  feet  long,  stretched 
between  the  stakes  set  in  the  line,  a  notched  peg  being  driven  when 
the  measurement  has  reached  the  end  of  one  string,  which  is  then 
taken  on  to  the  next  pair  of  stakes  ;  or,  if  the  rods  rest  on  supports, 
by  projecting  points  on  the  rods  being  alined  by  the  instrument. 

The  Levelling  of  the  rods  can  be  performed  with  a  common 
maaon's  level ;  or  then-  angle  measured,  if  not  hoiiaontal,  by  a 
"slope-level," 

The  Contacts  of  the  rods  may  be  effected  by  biingiug  them  end 
to  end.  The  third  rod  must  be  applied  to  the  second  before  the 
first  has  been  removed,  to  detect  any  movement.  The  ends  must 
be  protected  by  metal,  and  should  be  rounded  (with  radius  equal 
to  lengtli  of  rod)  so  as  to  touch  in  only  one  point.  Round-headed 
nails  will  ansiver  tolerably.  Better  are  small  steel  cylinders,  hori- 
zontal on  one  end  and  vertical  oa  the  other.  Sliding  ends,  with 
verniers,  have  been  used.  If  one  rod  be  higher  than  the  next  one, 
one  must  be  brought  to  toucli  a  plumb-line  which  touches  the  other, 
and  its  thickness  be  added.  To  prevent  a  shock  from  contact,  tlie 
rods  may  be  brought  not  quite  in  contact,  and  a  wedge  be  let  down 
between  them  tiU  it  touches  both  at  known  points  on  its  graduated 
edges.  The  rods  may  be  laid  side  by  side,  and  lines  drawn  across 
the  end  of  each  be  made  to  coincide  or  form  one  line.  This  is  more 
accurate.  Still  better  is  a  "  visual  contact,"  a  double  microscope 
with  cross-hairs  being  used,  so  placed  that  one  tube  bisects  a  dot 
at  the  end  of  one  rod,  and  the  other  tube  bisects  a  dot  at  the  end 
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of  the  next  rod.    The  rods  thus  never  tm^ch,     Tlie  distancs 
between  the  two  sets  of  cross-hairs  is  of  course  to  he  added. 

A  Base  could  be  measured  over  very  uneven  ground,  or  even 
water,  hy  suspending  a  series  of  rods  from  a  stretched  rope  by 
rings  in  which  thej  can  move,  and  levelling  them  and  brining 
them  iato  contact  as  above. 

(383)  Corrections  of  Base  It  tl  e  i  I  nen.  mi  1  1  their 
length  must  be  reduced  to  it?  hoii/int'il  pr  j action  11  is  would 
be  the  square  root  of  the  diffeienee  of  the  squares  of  the  length  of 
the  rod  (or  of  the  ba^e)  ind  of  the  height  of  one  end  ihoie  the 
sther;  or  the  produt,t  of  the  '^ame  bn^th  hj  the  cosmi.  of  the 
angle  which  it  makes  with  the  honzon  * 

Kthe  rods  were  metalhc,  they  would  need  to  he  c  Tieeted  for 
temperature.  Thus,  if  an  iron  bar  expands  Tou^gc  of  its  length 
for  1*  Fahrenheit,  and  had  been  tested  at  32°,  and  a  Base  had  been 
measured  at  72°  with  such  a  bar  10  feet  long,  and  found  to  eontair 
8000  of  them,  its  apparent  length  would  he  30,000  feet,  hut  iti 
real  length  would  be  8.4  feet  more.  An  iron  and  a  trass  ha 
can  he  so  combined  that  the  differeuce  of  their  expansiorv 
causes  two  points  attached  to  their  ends  to  remain  at  the  samt 
distance  at  all  temperatures.  Such  a  combination  is  used  on 
the  TJ.  S.  Coast  Survey. 

(383)  Cho  ce  »f  Slations  Tl  e  stat  o  is  o  ingonometrical 
pomts,"  wh  h  to  1  rn  the  ve  t  cea  of  tl  e  t  angles,  and  to  be 
observed  tc  a  d  f  on  m  st  1  s  &  1  tc  1  tl  it  the  suiting  trian- 
gles may  be  weO-cond  t  oned  e  may  laves  eh  s  des  and  angles 
tnat  a  sajall  error  in  any  of  the  measured  quantities  mil  cause  the 
least  possible  errors  in  the  quantities  calculated  from  them.  The 
higher  Calculus  shows  that  the  triangles  should  be  as  nearly  equi- 
lateral as  possible.  This  is  seldom  attainable,  but  no  angle  shouicl 
be  admitted  leas  than  30°,  or  more  than  120°. | 

•  More  pveoisely,  A  being  this  angle,  and  not  more  ll.an  2"  or  J       I  .=       fl" 
Bnce  between  the  inclined  and  horizontal  lengths,  equals  the  iic     ed  or    oal 
keugth  inaltiplied  bji  the  square  of  the  miuutes  in  A,  and  that  I  y     e    ec  nal 
0.00000004231;  as  shewn  in  Appendix  B.    In  a  Geodesic  finrvey,  1  e  base  vo    d 
also  be  required  to  be  reduced  to  the  level  of  the  sea. 

t  When  two  angles  only  are  observed,  as  is  often  the  cose  m  the  secoiiUar) 
ti'iargiilation,  the  uaobsevved  angts  ought  10  be  nearly  a  riglit  angle. 
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To  ej-tend  the  tHangulaUon,  by  contiaually  increiising  the  aides 
af  tlie  triaiiglea,  without  introducing  "ill-conditioned"  triangles, 
!aay  be  effected  as  in  the  figure.    AE  is  the  measured  hase 


C  and  D  are  che  nearest  stations.  In  the  triangles  ABO  and  ABD, 
all  the  angles  being  observed  and  the  side  AB  known,  the  other 
sides  can  be  readily  calculated.  Tlien  in  each  of  tho  triangles 
DAC  and  DEO,  two  sides  and  the  contained  angles  are  ^ven  to  find 
DC,  one  calculation  checking  the  other.  DO  then  becomes  a  base 
to  calculate  EF ;  which  is  then  used  to  find  GfH ;  and  so  on. 

ITie  fewer  pvunary  stations  used,  the  better ;  both  to  prevent 
confusion  and  because  the  smaller  number  of  triangles  makes  the 
correctness  of  the  results  more  "  probable." 

The  United  States  Coast  Survey,  undor  the  superintendence  of 
Praf,  A.  D.  Eache,  displays  some  fine  illustrations  of  these  princi- 
ples, and  of  the  modifications  they  may  undergo  to  suit  various 
localities.  The  figure  on  the  opposite  page  represents  part  of  the 
scheme  of  the  primary  tiiangulatioa  resting  on  the  Massa- 
chusetts base  and  including  some  remarkably  well-conditioned 
triangles,  as  well  as  the  system  of  quadrilaterals  which  is  a  valuable 
feature  of  the  scheme  when  the  sides  of  the  triangles  are  extended 
to  considerable  lengths,  and  quadrilaterals,  with  both  diagonals 
determined,  take  the  place  of  simple  triangles. 

The  engraving  is  on  a  scale  of  1 :  1200,000. 
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(381)  Signals.  Tkey  must  be  high,  conspicuous,  and  so  mada 
that  the  instrument  can  he  plEiced  precisely  under  them. 

'Ihree  or  four  tjmhera  framed  into  a  f'S-  -^n, 

pyramid,  as  in  the  figure,  mth  a  long  mast 
projecting  above,  fulfil  the  first  aiid  last 
conditions.  The  mast  may  he  made  verti- 
cal hy  directing  two  theodolites  to  it  and  ad- 
justing it  so  that  their  telescopes  follow  it 
up  and  down,  their  lines  of  sight  being  at 
right  angles  to  each  other.  Guy  ropes 
may  bo  used  to  teep  it  vertical. 

A  very  excellent  signaj,  used  on  the  Massachusetts  State  Survey, 
by  Mr.  Eorden,  is  represented  in  the  three  following  figures.  It 
Fig.  aeo.  Fig.  asi.  ri^.  ai;a 


s  merely  of  three  stout  sticks,  which  form  a  tnpod,  1 
with  tlie  signal  staff,  by  a  bolt  passing  through  their  ends  a 
middle.     Kg,  260  represents  the  signal  as  framed  on  the  g 
Fig.  261  shews  it  erected  and  ready  for  observation,  its  b 
steadied  with  stones ;  and  Fig.  262  shows  it  with  the  s 
aside,  to  make  room  for  the  Theodolite  and  its  pro- 
tecting tent.     The  heights  of  these  signals  varied  be- 
tween 15  and  80  feet. 

Another  good  signal  consists  of  a  stout  p')at  let  mto 
the  ground,  with  a  mast  fastened  to  it  by  a  bolt  bebn 
and  a  collar  above.     By  opemng  the  coUir,  the  mast 
can  be  turned  down  and  the  Theodolite  set  exactly  ' 
under  the  former  summit  of  the '^i^nd  i       mihv 


Signals  should  have  a  height  cfjm.!  t     d  ]o\  t  - 
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tance,  bc  as  to  subtend  an  angle  of  half  a  miimte,  niiich  expe- 
rience hiis  shown  to  be  the  least  allocable. 

To  italce  the  tops  of  tlie  signal-masts  conspicuoua,  flags  may  be 
attached  to  them ;  white  and  red,  if  to  be  seen  against  the  ground, 
and  red  and  green  if  to  be  seen  against  the  sky.*  The  motion  of 
flaga  renders  them  visible,  when  mnch  larger  motionless  objects 
are  not.  But  they  are  nselesa  in  calm  ■weather.  A  disc  of  sheet- 
h-oa,  with  a  hole  in  it,  is  very  conspicuous.  It  should  be  arranged 
BO  as  to  be  turned  to  face  each  station.  A  barrel,  formed  of  mus- 
lin sewn  together  four  or  five  feet  long,  with  two  hoops  in  it  two 
feet  apart,  and  its  loose  ends  sewn  to  the  signal-staff,  ffhich  passes 
tlirough  it,  is  a  cheap  and  good  arrangement.  A  tuft  of  pine  bouglis 
fastened  to  the  top  of  the  staff,  will  be  well  seea  against  the  sky.  , 

In  sunshine,  a  number  of  pieces  of  tin  nailed  to  the  staff  at  dif- 
ferent angles,  will  be  very  conspicuous.  A  truncated  cone  of 
burnished  tin  will  reflect  the  sun's  rays  to  the  eye  in  almost  every 
situation.  But  a  "  heliotrope,"  which  is  a  piece  of  looking-glass, 
so  adjusted  as  to  reflect  the  sun  directly  to  any  desired  point,  is 
the  most  perfect  arrangement. 

I'or  night  signals,  an  Argand  lamp  is  used ;  or,  best  of  all,  Drum- 
moad's  light,  produced  by  a  stream  of  oxygen  gas  directed  through 
a  flame  of  alcohol  upon  a  ball  of  lune.  Its  distinctness  is  exceed- 
ingly increased  hy  a  parabolic  reflector  behind  it,  or  a  lens  in  front 
of  it..    Such  a  light  was  brilliantly  visible  at  66  miles  distance. 


(3S5)  ObsevvatiOBS  of  tlic  Angles.  These  should  b^ 
as  often  as  po^ible.  In  extended  surveys,  three  sets,  of  ten  each, 
are  recommended-  They  shoultl  be  taken  on  different  parts  of  the 
circle.  In  ordinary  surveys,  it  ia  well  to  employ  the  method  of 
"  Traverroig,"  Art.  (373) .     In  long  sights,  the  state  of  the  atmos- 


whelliur  its  signal  can  be  seen 
fiom  B,  piqietted  igaiiiat  Ihe 
sky  or  nol:,  measare  the  \eptical 
migles  BAZ  and  2A0  If  the" 
«ara  equals  or  exceeJs  1B0°,  A 
will  be  thua  seen  fiom  B  It 
not,  the  signal  at  A  must  !"■  rnia 
cd  ti!l  ibisMun  eaiials  180° 


Hosted  by 


Google 


TaiAKGFLlR  SERFEYOG. 


[part  » 


phere  has  a  very  remai-kable  effect  on  botli  the  visibility  of  the 
signals,  and  on  the  correctness  of  the  observations. 

When  many  angles  are  taJiea  from  one  station,  it  is  important  t*i 
record  them  by  some  uniform  system.  The  form  given  below  is 
convenient.  It  will  be  noticed  that  only  the  minntea  and  seconds 
of  the  second  vernier  are  employed,  the  degrees  being  all  taken 
from  the  first. 


Ghservations 

SUTlUh- 

RKAUlNCiS, 

REACi'L. 

"p'IrLXow't* 

OB3ERVE7)  TO 

YSKNlEft  A. 

VEttSIEK  n. 

REMARKS. 

A 

B 
G 

70°    19*      0" 

loa"  33'  ao' 

115=  14'  90' 

18'  40" 
32'  40" 
14'  50" 

1(P  18'  50" 
103°  32'  30" 
liri"  14'  35" 

E, 
R. 

When  the  angles  are  "repeated,"  Art.  (370),  the  multiple 
ares  will  be  registered  under  each  other,  and  the  mean  of  the 
seconds  shewn  by  all  the  verniers  at  the  first  and  last  readings  be 
adopted. 

(38fi)  Reduction  to  the  centre.  It  is  often  impossible  to  set 
the  instrument  precisely  at  or  under  the  signal  which  has  been 
observed.  In  auchcasea  pro- 
ceed thus.  Let  C  be  the  cen- 
tra of  the  signal,  and  RCL  the 
desired  angle,  R  being  the  right 
hand  object  and  L  the  left  hand 
one.  Set  the  instrument  at  D, 
as  near  as  possible  to  C,  and 

less  than  RCL,  or  greater  than  it,  or  equal  to  it,  according 
lies  without  the  circle  passing  through  C,  L  and  R,  or  within  it,  or  in 
its  circumference.  The  instrument  should  be  set  as  nearly  as  pos- 
sible in  this  last  position.  To  find  the  proper  correction  for  the 
observed  angle,  observe  also  the  angle  LLC,  (called  the  angle  of 
direction),  counting  it  from  0°  to  360°,  going  from  the  left-hand 
object  toward  the  left ;  and  measure  the  distance  DC.  Calculate 
the  distances  CR  and  CL  with  the  angle  RDL  instead  of  RCL, 
since  they  arc  sufficiently  nearly  equal.     Then 


It  may  h 
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HCL  =  R])L 


CD. 


.  (RDL  +  LDC)       CD.  sin.  LDG. 


CR.ain.  1"  OL.siu.l'' 

The  last  two  terms  ■will  te  the  number  of  seconds  to  be  addeiJ 
or  subtracted.  The  Trigonometrical  signs  of  the  sines  must  be 
attended  to.  The  log.  sin.  1"  =4.  6855749.  Instead  of  dividing 
by  sin.  1",  the  correction  without  it,  which  will  be  a  rerj-  small 
fraction,  may  he  reduced  to  seconds  by  multiplying  it  by  206265. 
Uxample.  Let  BDL  =  32"  20'18".06 ;  LDC  - 101=  15'  32"  .4 ; 
CD  =  0.9;  CIl  =  S5845.12;  CL  =  29783.1. 

The  first  term  of  the  coiTeetion  willbe  +  3".750,  and  the 
second  tei-m  —  6".113.  Therefore,  the  observed  angle  BDL 
must  be  diminished  by  2". 363,  to  reduce  it  to  the  desired  angle 
ECL. 

Much  calculation  may  be  saved  by  takmg  the  station  D  so  that 
all  the  signals  to  be  observed  can  be  seen  from  it.  Then  only  a 
single  distance  and  angle  of  direction  need  be  measured. 

It  may  also  happen  that  the  centre,  C,  of  the         *,"'_-'''' 
signal  cannot  be  seen  from  D.     Thus,  if  the  signal     /' ,  /,^  ,si 
be  a  solid  circular  tower,  set  the  TheodoHte  at  D,    IgX'^^^ 
and  turn  its  telescope  so  that  its  line  of  sight  he-   .  '  •'-•*^^ ' 
comes  tangent  to  the  tower  at  T,  T' ;  measure  on 
these  tangents  equal  distances  HE,  DF,  and  direct 
the  telescope  to  the  middle,  G-,  of  the  lino  EF.     It 
will  then  point  to  tlie  centre,  C ;  and  the  distance  DC  will  equal 
the  distance  from  D  to  the  tower  plus  the  radius  obtained  hj  mea- 
suring the  circumference. 

If  the  signa^.  be  rectangular,  measure  DE,  DF.        p  ,  n  , 
Tate  any  point  G  on  DE,  and  on  DF  set  off  DH  "^-^ 

=  Dg5|.     Then  is  GH  parallel    to  EF,   (since   ^^—-—ii 

DG  :  DH  : :  DE  :  DF)   and  the  telescope  directed      Q'—.^u 
to  its  middle,  K,  will   point  to  tie  middle  of  the  \     / 

diagonal  EF.     We  shaU  also  have  DC  =  DK  ^.  BV 

A.ny  such  ease  may  be  solved  by  similar  methods. 
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The  "Phase"  of  objects  is  the  elFect  produced  by  the  sun 
ehmiiig  on  only  one  side  of  them,  so  that  the  telescope  will  be 
directed  from  a  distant  station  to  tho  middle  of  that  bright  side 
instead  of  to  the  true  centre.  It  is  a  source  of  error  to  be  guarded 
againet.     Its  effect  may  however  be  calculated. 

(S87)  Correction  of  l!ic  ang'les.  When  all  the  angles  of  any 
trianglecanbeobserved,  their  sum  should  equal  180.*  If  not  they 
must  be  corrected.  If  all  the  observations  are  considered  equally 
accurate,  one-third  of  the  difference  of  their  Bum  from  180°,  is  to  be 
added  to,  or  subtracted  from,  each  of  them.  But  if  the  angles  are 
the  means  of  unequal  numbers  of  observations,  their  errors  may  be 
considered  to  be  inversely  as  those  numbers,  and  they  may  be  cor- 
rected by  this  proportion ;  As  the  sum  of  the  reciprocals  of  each 
of  the  three  numbers  of  obserTations  Is  to  the  whole  error,  iSo  is 
the  reciprocal  of  the  number  of  observations  of  one  of  the  angles 
To  its  correction.  Thus  if  one  angle  was  the  mean  of  three  obser- 
vations, another  of  four,  and  the  third  of  ten,  and  the  sum  of  all  the 
angles  was  180"  3',  the  first  named  angle  must  be  dinunished  by 
the  foui'th  term  of  tliis  proportion ;  J  +  ^  +  ^V  :  S'  : :  J  :  1'  27".8. 
The  second  angle  must  in  liiie  manner  be  diminished  by  1'  5".9  j 
and  the  third  by  26".3.     Their  con-ected  sum  will  then  be  180°. 

It  is  still  more  accurate  but  laborious,  to  apportion  the  total 
error,  or  difference  from  180°,  among  the  angles  inversely  aa  the 
"  Weights,"  explamed  in  Art.  (309).  On  the  U.  S.  Coast  Survey,  in 
six  triangles  measured  in  1844  by  Prof.  Eacho,  the  greatest  en-or 
was  six-tenths  of  a  second. 

(388)  Calculation  and  plittlin?.  The  lengths  of  the  sides  of 
the  triangles  should  be  calculated  with  extreme  accuracy,  in  two 
ways  if  possible,  and  by  at  least  two  persons.  Plane  Trigonometry 
may  be  used  for  even  large  surveys ;  for,  though  these  sides  are 
really  arcs  arid  not  sti-aight  lines,  the  chffereace  will  be  only  one- 

*  If  the  triangles  were  very  large,  they  woaM  have  to  be  regarded  as  apherical, 
Slid  the  sum  of  iheir  angles  would  be  more  than  180"  i  but  this  "  spherical  ex 
cena"  woidd  be  only  1"  for  a.  irinngle  containing  76  square  niilea,  1  for  4500 
•15110™  roilie,  Ste.i  and  may  therefore  be  neglected  in  all  ordinary  surveying  ope- 
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twentieth  of  a  foot  in  a  distance  of  11^  miles  ;  half  a  foot  in  23 
miles ;  a  foot  in  34^  miles,  &c. 

The  platting  is  most  correctly  done  by  constnicting  tlie  trianglea, 
as  in  Art.  (90),  by  means  of  the  ealeulatect  lengths  of  their  sides. 
If  the  measured  angles  are  platted,  the  teat  method  is  that  of 
chords,  Art,  (375)-  If  many  trianglea  are  successively  hased  on 
one  another,  they  ivill  be  platted  most  accurately,  by  referring  all 
their  aides  to  some  one  meridian  line  by  means  of  "  Rectangular  Co- 
ordinates," ths  Method  of  Art.  (6),  and  platting  as  in  Art.  (277.) 
In  the  survey  of  a  country,  this  Meridian  would  be  the  true  North 
and  Soutli  line  passing  through  some  ^YelI  determined  point. 

(389)  Base  of  Verification.  As  mentioned  in  Ait.  (38l>),  a 
side  of  the  last  triangle  is  so  located  that  it  can  bo  measured,  as 
was  the  first  base.  If  the  measured  and  calculated  lengths  agree, 
this  proves  the  accuracy  of  all  the  previous  work  of  measurement 
and  calculation,  since  tlie  whole  ia  a  chain  of  wliich  tliis  is  the  last 
link,  and  any  error  in  any  previous  part  would  affect  the  very  last 
line,  except  by  some  improbable  compensation.  How  near  the 
agreement  should  be,  will  depend  on  the  nicety  desired  and  attained 
in  the  previous  operations.  Two  bases  60  miles  distant  differed 
on  one  great  English  survey  28  inches ;  on  another  one  inch ;  and 
on  a  French  triangulaiion  extendmg  over  500  miles,  the  difference 
was  less  than  two  feet.  Results  of  equal  or  greater  accuracy  are 
obtmed  on  the  IT.  S.  Coast  Survey. 

(S9i))  Interior  filling  tip.  The  stations  whose  positions  have 
been  determined  by  the  triangulation  ai'O  so  many  fixed  points, 
from  which  more  minute  surveys  may  start  and  mterpolate  any 
other  points.  The  Trigonometrical  points  are  like  the  observed 
Latitudes  and  Longitudes  which  the  mariner  obtains  at  every  oppor- 
tunity, so  as  to  take  a  new  departure  from  them  and  determine 
his  course  in  the  intervals  by  the  less  precise  methods  of  his  com- 
pass and  log.  The  chief  interior  points  may  be  obtained  by  "  Se- 
condary Triangulation,"  and  the  minor  details  be  then  filled  in  by 
any  of  the  methods  of  surveying,  with  Chain,  Compass,  or  Transit, 
already  explained,  or  by  the  Plane  Table,  described  in  Part  VIIT. 
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Witli  the  Transit,  or  Theodolite,  "  Traversing"  is  tJie  best  mode  of 
Hui'veying,  the  instrument  being  sot  at  zero,  and  being  then 
directed  from  one  of  the  Trigonometrical  poiiita  to  another,  wlaich 
line  therefore  becomes  the  "  Meridian"  of  that  survey.  On  reach- 
ing thia  second  point,  in  the  course  of  the  survey,  and  sighting  back 
to  the  first,  the  reading  should  of  course  be  0°,  as  explained  in 
Art.  (377). 

(391)  Kadiating  Triiltlguliitioi!.  This  name  may  be  given  u 
a  method  shown  in  the  figure.     Choose  Fig.  sea. 

a  conspicuous  point,  0,  nearly  in  the 
centre  of  tho  field  or  farm  to  he  sur- 
veyed. Find  other  points.  A,  B,  C, 
D,  &c.  such  that  the  signal  at  0  can  he 
seen  from  all  of  them,  and  that  the  tri- 
angles ABO,  BOO,  &c,  shall  be  as 
nearly  ec^uilateral  as  possible.  Mea- 
sure one  side,  AB  for  example.  At  A 
measure  the  angles  OAB,  and  GAG ;  at 
B  measure  the  angles  OBA  and  OBC ;  and  so  on,  around  the 
polygon.  The  correctness  of  these  measurements  may  bo  tested 
by  the  sum  of  the  angles,  as  in  Art.  (377).  It  may  also  be  tested 
by  the  Trigonometrical  principle  that  the  product  of  the  sines  of 
every  alternate  angle,  or  the  odd  numbers  in  the  figure,  should 
equal  the  product  of  the  sines  of  the  remaining  angles,  the  even 
numbers  in  the  figure.* 

The  calculations  of  the  unknoivn  sides  are  readily  made.  In  tli9 
triangle  ABO,  one  side  and  all  the  angles  are  given  to  find  AG 
and  BO.  In  the  triangle  BCO,  BO  and  all  the  angles  are  given  to 
find  BO  and  CO ;  and  so  with  the  rest.  Another  proof  of  the 
accuracy  of  the  work  will  bo  given  by  the  calculation  of  the  length 
of  the  side  AO  in  the  last  triangle,  agreeing  with  its  length  a? 
obtained  in  the  first  triangle. 

(3!f2)  Farm  'Friang:uIatioii.  A  Jarm  or  Field  may  be  surveyed 
by  the  previous  methods,  but  the  following  plan  will  often  be  mere 
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convenient.  Choose  abase,  asXY,mtliin 
tlie  field,  and  from  its  ends  measure  the 
angles  between  it  and  tie  direction  of 
each  corner  of  the  field,  if  the  Theodo- 
lite or  'Xranait  he  used,  or  take  the 
bearing  sf  each,  if  the  Compass  be  used. 
Consider  first  the  triangles  which  have 
XY  for  a  base,  and  the  corners  of  the  field,  A,  B,  C,  &c.,  for 
vertices.  In  each  of  them  one  sido  and  the  angles  will  be  known  to 
find  the  other  sides,  XA,  XB,  &c.  Then  consider  the  field  as 
made  up  of  triangles  which  have  tlieir  vertices  at  X.  In  each  of 
them  two  sides  and  the  included  angle  will  be  given  to  find  its 
content,  as  in  Art.  (65).  If  Y  be  then  taken  for  the  common 
vertex,  a  test  of  the  former  work  will  be  obtained. 

The  operatioa  will  be  somewhat  simplified  by  taking  for  the  base 
line  a  iliagonal  of  the  field,  or  one  of  its  sides. 


(393)  Inaccessible  Areas.  A  field  or  farm 
by  tliis  "  Fourth  Method,"  without  entering 
it.  Choose  a  base  line  XY,  from  which  all 
the  corners  of  the  field  can  be  seen.  Take 
their  Bearings,  or  the  angles  between  the 
Base  line  and  their  directions.  The  dis- 
tances from  X  and  Y  to  each  of  them 
be  calculated  as  in  the  last  article.  The  ■,  / 
figure  will  then  shew  in  what  manner  the  \j/. 
content  of  the  field  is  the  difference  between  ^ 
the  contents  of  the  triangles,  having  X  (or  Y)  for  a  vertex,  whicli 
lie  outside  of  it,  and  those  which  lie  paj:tly  within  the  field  and  partly 
outside  of  it.  Their  contents  can  be  calculated  as  in  the  last  article, 
and  their  difference  will  be  the  desired  content.  If  the  figure  be 
regarded  as  generated  by  the  revolution  of  a  line  one  end  of  which  is  at 
X,  while  its  other  end  passes  along  the  boundaries  of  the  field,  short- 
ening and  lengthening  accordingly,  and  if  those  triangles  generated 
by  its  movement  in  one  direction  be  called  phts  and  those  generated 
by  the  contrary  movement  be  called  minus,  their  algebraic  sum 
will  be  tlie  content. 

18 
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(394)  Inversion  of  the  Fourth  Metlied,  In  all  tlio  oporar 
tious  wHcli  have  been  explained,  the  position  of  a  point  has  been 
determined,  as  in  Art.  (8),  by  taldng  the  angles,  or  bearings,  of 
two  lines  passing  from  the  two  ends  of  a  Ease  line  to  the  unknowi] 
point.  But  the  same  determination  may  be  effected  inversely,  by 
taking  from  the  point  tlie  bearings,  by  compass,  of  the  two  ends  of 
the  Ease  line,  or  of  any  two  loiown  points.  The  unhnown  point 
will  then  he  fixed  by  platting  from  the  two  known  points  the  o^o- 
site  bearings,  for"  it  will  be  at  the  intersection  of  the  lines  thus 
determined. 

(395)  Defects  of  the  Method  of  IntersectioB.  The  determi- 
nation of  a  point  by  the  Fourth  Method  (enunciated  in  Art.  (8), 
and  developed  in  this  Part)  founded  on  the  intersection  of  lines, 
has  the  serious  defect  that  the  point  sighted  to  will  be  very  indefi- 
nitely determined  if  the  lines  wHch  fix  it  moet  at  a  very  acute  or 
a  very  obtuse  angle,  which  the  relative  positions  of  the  points  observed 
from  and  to,  often  render  unavoidable.  Intersections  at  right 
angles  should  therefore  be  sought  for,  so  far  as  other  considerationa 
will  permit. 
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TRILINEAR   SURVEYING? 


By  the  Fifih  Method. 

(396)  Trilinbae  SDRVBYisa  13  founded  on  the  Fiftli  Method  of 
Jeterminiag  tlie  position  of  a  point,  by  meaauving  tlie  angles  betwen 
three  lines  conceived  to  pass  from  the  required  point  to  three 
known  points,  as  illuatrated  in  Art.  (10). 

To  fix  the  place  of  the  point  from  these  data  ia  much  more  diffi- 
cult than  in  the  preceding  methods,  and  ia  known  as  the  "  Problem  of 
the  three  points."  It  will  be  here  solved  Geometrically,  Instra- 
mentally  and  Analytically. 


(397)  Ceomctrical  Solution.    Let  A,  B  and  C  be  the  known 


ohje^ta  observed  from  S,  the  angles  ASB  and  ESC  being  there 
measured.  To  fix  this  point,  S,  on  the  plat  containing  A,  E  and 
C,  draw  lines  from  A  and  B,  making  angles  with  AB  each  equal 
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to  90° — ASB.  The  intersection  of  these  lines  at  0  will  le  tlie 
centre  of  a  circle  pasang  through  A  aad  B,  in  the  circumference 
of  which  the  point  S  will  he  situatecl.*  Describe  this  circle.  Also, 
draw  lines  from  B  and  C,  making  angles  with  EC,  each  equal  to 
90° — BSO.  Their  intersection,  0',  will  be  the  centre  of  &  eirelo 
passing  through  B  and  C.  The  point  S  will  lie  Bomowhere  in  its 
circumference,  and  therefore  in  ita  intersection  with  the  former 
circumference.     The  pobt  is  thus  determined. 

In  the  figure  the  observed  angles,  ASB  and  BSC,  are  supposed 
to  have  been  respectively  40°  and  G0°.  The  angles  set  off  are 
therefore  50=  and  30°.  The  central  angles  arc  consequently  80° 
ancl  120°,  twice  the  observed  angles. 

The  dotted  Imes  refer  to  the  checks  explained  in  the  latter  part 
of  this  article. 

When  one  of  the  angles  is  obtuse,  set  off  ita  difference  from  90^ 
fin  the  opposite  side  of  the  line  joinmg  the  two  objects  to  that  on 
which  the  point  of  observation  lies. 

When  the  angle  ABO  is  equ'U  ii  the  supplement  of  the  sum  of 
the  observed  angles,  the  position  of  the  point  will  be  indeterminate ; 
for  the  two  centres  obtained  will  c  mcide,  and  the  circle  described 
from  tills  common  centre  mil  jiss  through  the  three  points,  and 
any  point  of  tlie  circumfeience  will  fulfil  the  conditions  of  the  prob- 
lem. 

A  tliird  angle,  between  one  of  the  three  points  and  a  fourth 
point,  should  always  be  observed  if  possible,  and  used  like  the 
others,  to  serve  as  a  check. 

Many  tests  of  the  correctness  of  the  position  of  the  point  deter- 
mined may  be  employed.  The  simplest  one  is  that  the  centi'os  of 
the  circles,  0  and  0',should  lie  in  the  perpendiculars  drawn  through 
the  middle  points  of  the  lines  AB  and  EC. 

Another  is  that  the  line  BS  should  be  bisected  perpendicularly 
by  the  line  00'. 

A  thii-d  check  is  obtained  bj  drawing  at  A  and  C  perpendiculars 
to  AB  and  OB,  and  producing  them  to  meet  BO  and  BO'  produced, 

lor,  tha  arc  AB  meaaurea  tlie  angle  AOB  at  the  ceiitre,  wbich  angle  —  1  SO" 
.-3(000  — AS15)  =  a  ASB.  Therefore,  any  an«\e  iiiacnbed  in  the  ciicumfer 
eiice  and  mensiiroJ  by  ihs  same  are  is  equitl  to  ASB 


Hosted  by 


Google 


PART  Ti]  TRILIKEAR  SURVEYING.  277 

in  D  and  E.  Tlie  line  DE  should  pass  tlirough  S ;  for,  tlie  anglea 
BSD  and  BSE  being  riglit  angles,  the  lines  DS  and  SE  form  one 
straight  line. 

The  figure  shews  these  three  cheeks  by  its  dotted  lines. 

(398)  lastnimeuial  Solution.  The  preceding  process  is  tedious 
where  many  stations  are  to  be  determined.  They  can  be  more 
readily  found  by  an  instrument  called  a  StaUoTi^ointer,  or  Clioro- 
gra^ph.  It  consists  of  three  arms,  or  straight-edges,  turning  about 
a  common  centre,  and  capable  of  being  set  so  as  to  make  with  each 
other  any  angles  desired.  This  is  effected  by  means  of  graduated 
ares  carried  on  their  ends,  or  by  taking  off  with  their  pouits  (aa 
with  a  pair  of  dividers)  the  proper  distance  from  a  scale  of  chorda 
(see  Art.  (274))  constructed  to  a  radius  of  their  length.  Bemg 
thus  set  so  as  to  make  the  two  observed  anglea,  the  imstrument  is 
laid  on  a  map  containing  the  three  given  points,  and  is  turned 
about  till  the  three  edges  ipass  through  these  iiointi.  Then 
their  centre  is  at  the  place  of  the  staHon,  for  the  three  points  there 
subtend  on  the  paper  the  angles  observed  in  the  field. 

A  simple  and  useful  substitute  is  a  piece  of  transparent  paper, 
rr  ground  glass,  on  which  three  lines  may  be  drawn  at  the  proper 
anglea  and  moved  about  on  the  paper  as  hefoie. 

(39fl)  Analytical  Solution.  The  distance^  of  the  required 
point  from  each  of  the  known  points  may  be  obtained  analytically. 
Let  AB  =  a;  BO  =  «;  ABC  =  B ;  ASB  =  S ;  BSC  =  S'.  Also, 
iiiakeT  =  860°  — S  — S'  — B.  Let  BAS  =  U;  BCS  =  V. 
Then  we  shall  have  (as  will  be  shewn  in  Appendix  B) 

/->„!.     TT  _. t     rn    /  <^  ■  sin.   b  r     ■(  \ 


„    .„..  ^  ^^ 

si,,  a .  00 

s.  T  ^  V 

V  =  T— L- 

„      o.sin.U. 

.r,=  !i- 

.  sin.  V 
.in.  S' 

r  .  sin.  ABS 

SC=2- 

.  .in.  CBS 
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Attention  must  be  given  to  the  algebraic  signs  of  the  trigonome- 
trical funotjons. 

Mxamph.  ASB  =  83=  45';  BSC-=  22=30';  AB  =  600 feet; 
BO  =  400  feet ;  AC  =  800  feet.  Required  the  distances  and 
directions  of  the  point  S  from  each  of  the  stations. 

In  the  triangle  ABO,  the  three  sides  being  known,  tiio  angle 
ABC  13  found  to  be  104°  28'  39".  The  formula  then  gives  the 
angle  BAS  =  U  =  105°  8'  10"  ;  whence  ECS  is  found  to  be  94' 
S'  11" ;  and  SB  =  1042.51 ;  SA  =  710.193 ;  and  SO  =  934.291. 

(4(!0)  Maritiiae  Surveyinff.  The  chief  application  of  the  Tri- 
liuear  Method  is  to  Maritime  or  My dro graphical  Surveying,  the 
object  of  which  ia  to  fix  the  positions  of  the  deep  and  shallow  points 
in  harbors,  rivers,  &c,,  and  thus  to  discover  and  record  the  shoals, 
rocks,  channels  and  other  important  features  of  the  locality.  To 
effect  this,  a  series  of  signals  are  established  on  the  neighboring 
shore,  any  three  of  which  may  be  represented  by  onr  pomts  A,  B,  C. 
They  are  observed  to  from  a  boat,  by  means  of  a  sextant,  and  the 
position  of  the  boat  ia  thna  fixed  as  just  shewn.  The  boat  ia  theii 
rowed  in  any  desired  direction,  and  soundings  are  taken  at  regular 
intervals,  till  it  is  found  convenient  to  fix  tlie  new  position  of  the 
boat  as  before.  The  precise  point  where  each  sounding  was  taken 
can  now  be  platted  on  the  map  or  chart.  A  repetition  of  this  pro- 
cess will  determine  the  depths  and  the  places  of  each  point  of  the 
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OBSTACLES   IN  ANGULAR  SURVEYING. 

(401)  The  obstacles,  such  ad  ti-ees,  houses,  hiOs,  Tallies,  rivers, 
&e.,  which  prevent  the  direct  alinement  or  measurement  of  any 
desured  course,  can  be  overcome  much  more  easily  and  precisely 
ivith  any  angular  instrument  tlian  vii&i  the  chain,  methods  for  using 
which  were  explained  in  Part  II,  Chapter  V.  They  will  however 
be  taken  up  in  the  same  order.*  As  before,  the  given  and  meaaur^d 
lines  are  drawn  with  fine  full  lines ;  the  visual  linea  with  broken 
hnes ;  and  the  lines  of  the  result  with  heavy  full  lines. 


PERPEMDItCLARS  ASD  PARALLELS. 

(102)  Erecting  PerpenilicHlars,  To  erect  a  per^pendicular  to 
a  line  at  a  given  point,  set  the  instrument  at  the  given  point,  and, 
if  it  be  a  Compass,  direct  its  eights  on  the  line,  and  then  turn  them 
till  the  new  Bearing  differs  90°  from  the  original  one,  as  explained 
m  Art.  (213).  A  convenient  approximation  is  to  Sle  notches  in 
the  Compass-plate,  at  the  90°  points,  and  stretch  over  them  a  thread, 
sighting  across  which  will  give  a  perpendicular  to  the  direction  of 
the  sights. 

The  Ti-ansit  or  Theodolite  being  set  as  above,  note  the  readmg 
of  the  vernier  and  then  turn  it  tiU  the  new  reading  is  90'  more  oi 
less  than  the  former  one. 

Vbe  DcmQiisti'aiiong  of  the  Prolilcma  wliich  require  ilifni,  and  from  which 
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(403)  To  erect  a  perpendicular  to  «) 
given  point  of  it.  Let  AB  1)9  tlie  line 
and  A  the  point.  Calculate  the  distance 
from  A  to  any  point  C,  and  the  angle 
CAB,  by  the  method  of  Avt.  (430).  Set 
the  instrument  at  0,  sight  to  A,  turn  an 
aagle  =  CAB,  and  measure  in  the  direc- 
tion tKua  obtained  a  distance  CP 
the  required  perpendicular. 


inaccessible  line,  at  a 
Fig.  27i2. 


CA  .  COS.  CAB.    PA  wiU  be 


(404)  Letting:  fall  perpendiculars.  To  let  fall  a  perpendi' 
cular  to  a  line  from  a  given  point.  With  the  Compass,  take  tlio 
Bearing  of  the  given  line  and  then  from  the  ^ven  point  ran  a  line, 
with  a  Bearing  diffemg  90°  from  the  original  Bearing,  till  it  reacliea 
the  ^Tea  line. 

With  the  Transit  or  Theodolite,  set  it  at  any  point  of  the  given 
line,  as  A,  and  observe  tho  angle  between  this  ^''S-  2''3- 

line  and  a  line  thenee  to   the  given   point,    At;;^ 

V.     Then  set  at  P,  sight  to  the  former  posi- 
tion of  the  instrument,  and  turn  a  number  of  ""-.^ 
degrees  equal  to  what  the  observed  angle  at 
A  wanted  of  90'.     'Ihe  instrument  will  then 
point  in  the  direction  of  the  rec^uired  perpendicular  PE. 


(405)  To  let  fall  a  perpendicular  to  a  line  from  an  inaccesi  tola 
foint.    Let  AB  be  the  line  and  P  the  rig.  a? 4. 

pomt.     Measure   the   angles   PAB,  and 
PBA.     Measure  AB.     The  angles  APO 
and  EPC  are  known,  being  the  comple- 
menta  of  the  angles  measured.     Then  ia   A 
tan.  APO 


AO  =  AB. 


tan.  APC  -I-  tan.  BPC* 
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(406)  To  let  fall  a  ferprndiovXar  to  an  inaccessible  line  fro 
a  given  point.     Let  0  be  the  point  and  Fig.  275. 

AB  the  line.  Calculate  the  angle  CAB 
by  tho  method  of  Art.  (430).  Set  the 
instrument  at  C,  sight  to  A,  and  turn  an 
angle  =  SO  —  CAB.  It  will  then  point 
in  the  direction  of  the  required  perpon- 
dicular  CE. 


(4flT)  Running  Parallels.  To  trace  a  line  ilirough  a  given 
point  parallel  to  a  given  line.  With  the  Compass,  take  the  Bear- 
in  i-  of  the  given  line,  and  then,  from  the  given  point,  run  a  lino 
with  tbe  same  Bearing, 

With  the  Transit  or  Theodolite,  set  it  at  any  convenient  iDoint 
of  the  given  line,  aa  A,  direct  i'"ig-  276, 

it  on  this  line,  and  note  the  read-  -^■\  ^ 

ing.     Then  turn  the  vernier  till 

the  cro33-hair3  bisect  the   given  -.^ 

point,  P.     Take  the  instrument  to  P  Q 

tlus  point  and  sight  back  to  the  former  station,  by  the  lower  motion, 
without  changing  the  reading.  Then  move  the  vernier  till  the 
reading  is  either  the  same  aa  it  was  ivhen  the  telescope  was  di- 
leeted  on  the  given  line,  or  is  180°  different.  It  will  then  be  di- 
rected (forward  or  backward)  on  PQ,  a  parallel  to  AB,  since  equal 
angles  have  been  measured  at  A  and  P.  The  manner  of  readiii:.^ 
[bem  is  simOar  to  tlie  method  of  "Traversing,"  Art.  (373). 


(408)    211  trace  a  line  through  a  given  point  paralld  to  an 
i.iacceasible  line.     Let  C  be  the  given  ^ig.  srr. 

point,  and  AB  the   inaccessible  line.   • 
Find  the  angle  CAB,  as  in  Art.  (430). 
Sot  the  instrument  at  0,  direct  it  to  A, 
e  an  angle 


and  then  turn  it  so  s 

ffith  CA  equal  to  tke  supplement  of  the  angle  CAB. 

point  in  a  direction,  OE,  parallel  to  AB. 


It  will  thee 
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CHAPTER  II 


OBSTACLES  TO  ALlNEMESr. 

A.    To   TROLOSG    A   LIKE. 

(403)  The  instrument  being  set  at  the  farther  end  of  a  line,  and 
directed  back  to  its  beginning,  the  sights  of  tlio  Compass,  if  that 
be  used,  will  at  once  give  the  forward  direction  of  the  line,  TTiey 
serve  the  purpose  of  the  roda  described  in  Art.  (169)-  A  distant 
point  being  thug  obtained,  the  Compass  is  taken  to  it  and  the  pro- 
cess repeated.  The  use  of  the  Transit  or  Theodolite,  for  thia 
purpose,  was  fully  explained  in  Art.  (37S). 

(410)  By  perpcMicularSi  "When  a  tree,  or  house,  obstructing 
the  line,  is  met  with,  place  the  instru-  ^'S-  ^'S- 

ment  at  a  point  E  of  the  line,  and  set 
off  there  a  perpendicular,  to  0 ;  setoff 
another  at  C  to  D,  a  third  at  D  to  E,  ^       n 

making  DE  =  EC,  and  a  fourtli  at  E,  which  last  will  be  in  the 
direction  of  AB  prolonged.  If  perpendiculars  cannot  be  con- 
veniently used,  let  EC  and  DE  make  any  equal  angles  witJi 
the  line  AB,  so  as  to  make  CD  parallel  to  i  t, 

(411)  By  an  e<iuilatcral  trianf^lc. 

A.t  B,  turn  aside  from  the  line  at  an  I 
angle  of  60°,  and  measure  some  con- 
venient distance  EC.  At  C,  turn  60° 
in  the  contrary  direction,  and  mea- 
Buro  a  distance  CD  =  EC.  Then  will  D  he  a  point  in  the  line  AE 
prolonged.  At  D,  turn  60"  from  CD  prolonged,  and  the  new 
direction  will  be  in  the  line  of  AE  prolonged.  This  method  re 
ijuires  the  measurement  of  one  aogle  less  than  the  preceding. 
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(412)  By  trlangalation.    Let  f     "^o 

AB  be  the  line  to  be  prolonged    A b^     "^  e     T* 

Choose  some    station  C,  "wlieiiee  ^  y'' 

can  bo  seen  A,  B,  and  a   point  *■ 

beyond  the  obstacle.     Measuie 
AB  and  the  angles  A  and  B,  of  c 

the  triangle  ABC,  and  thence  caLuhte  the  sido  AC.  Set  the 
instrument  at  C,  and  measure  the  angle  AGD  CD  being  any  line 
which  will  clear  the  obstacle.  Lot  E  be  the  desired  point  in  the 
lines  AB  and  CD  prolonged.  Xlien  m  the  tiiangle  ACE,  will  be 
known  the  side  AC  aad  its  including  angles,  whence  CE  can  be 
calculated.  Measure  the  resulting  distance  on  the  ground,  and 
its  extremity  will  be  the  desired  pomt  E  Set  the  instrument  at 
E,  sight  to  C,  and  turn  an  angle  equil  to  the  Duulcment  of  the 
angle  AEC,  and  you  will  have  the  diiection,  EF,  o{  AB  prolonged 

(413)  When  the  line  to  bo  proloBfted  h  iiidCiessiMc.     In 

this  case,  before  the  preceding  method  cin  be  ii.|hi.d,  it  will  bo 
necessary  to  determine  tho  lengths  of  the  hnes  AB  and  AC,  and 
the  angle  A,  by  the  method  given  in  Ait   (438) 

(414)  To  prolong  a  Jin©  wUh  only  an  angular  iflsfiumcm, 

This  may  be  done  when  no  means  of  measuring  any  distance  can  be 
obtained.     Let  AB  be  the  line  Kig.  231. 

to  be  prolonged.  Set  the  in- 
strument at  B  and  deflect  an- 
gles of  45'  in  the  directions  C  ■*:_ 
and  D,  Set  at  some  point,  C, 
on  one  of  these  lines  and  deflect 
from  CB  45°,  and  mark  the 

point  D  where  this  direction  intersects  the  direction  BD.  Also,  at 
C,  deflect  90°  from  CB.  Then,  at  D,  deflect  00°  from  DB.  The 
mteraections  of  these  last  directions  will  fix  a  point  E.  At  E 
deflect  135°  from  EC  or  ED,  and  a  line  EP,  in  the  direction  of 
AB  will  be  obtained  and  may  be  continued.* 
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B.    To    INTERPOLATE   POINTS    IN   A   LINE. 

(il5)  Tlie  iastniment  being  set  at  one  end  of  a  line  and  directed 
to  the  otlioi",  intermediate  points  can  be  found  as  in  Art.  (IIT), 
ka.  If  a  valley  intervenes,  the  sights  of  the  Compass,  (if  the 
Compass-plate  he  very  carefully  kept  level  eross-wftje),  or  tho  tcle- 
Bcope  of  the  Transit  or  Theodolite,  answer  as  substitutes  for  the 
plumb-line  of  Art.  (119). 

(416)  By  a  random  liiiCi  "When  a  wood,  Iiill,  or  other  obsta- 
clsj  prevents  one  end  of  the  line,  Z,  Fig.  asa, 

from  being  seen  from  the  other,  A,  run  iPWUPin''^^^'^ 

a  random  line  AB  with  tho  Compass  or  A-'^^^^a^^^^^i^ 
Tran^t,  &c.,  as  nearly  in  the  desired 

direction  as  can  be  guessed,  till  you  arrive  opposite  the  point  Z. 
Measure  the  error,  EZ,  at  right  angles  to  AB,  as  an  ofE^et.  Multi- 
ply this  error  hy  Blj^,  and  divide  tho  product  by  the  distance  AB. 
The  quotient  'will  be  tiie  degrees  and  decimal  parts  of  a  degree, 
contained  in  tie  angle  EAZ.  Add  or  subtract  this  angle  to  or 
from  the  Bearing  or  reading  with  which  AB  was  run,  according  to 
the  side  on  wliich  the  error  was,  and  start  from  A,  with  this  cor- 
rected Bearing  or  reading,  to  run  anotlier  line,  which  will  come  ont 
at  Z,  if  no  error  has  been  committed." 

Mxample.  A  random  line  was  run,  by  compass,  with  a  Bearing 
of  S.  80"  E.  At  20  chains'  distance  a  point  -was  reached  opposite 
to  the  desired  point,  and  10  links  distant  from  it  on  its  right. 
Required  the  correct  Bearing. 

AtiB.  By  the  rrtle,  ^'  ^q^q"  ^  =  0°.2865  '=  17'.  The  cor- 
rect Bearing  ia  thereforo  S.  80°  17'  B.  If  the  Transit  had  been 
used,  its  reading  would  have  been  changed  for  the  new  line  by  the 
same  17'.  A  simple  diagram  of  tho  case  will  at  once  shew  whether 
the  correction  is  to  be  added  to  the  original  Bearing  or  angle,  or 
Bubtracted  from  it. 

"  TLisi-ule  U  Bubsiami ally  111 eiiUoal  with  lliat  of  Avi.  (3(9),  whwe  ile  reaeon  ia 
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If  Xrigonometrical  Tables  are  at  hand,  the  correction  will  be 
obtained  fiwm  this  ei^nation;    Tan.  BAZ="  — . 


BZ 


10 


^  tan.  17' 


The  57°.3  rule,  as  it  is  sometimes  called,  may  be  variously  modi- 
fied. Thus,  multjply  the  error  by  86°,  and  divide  by  one  and  a  half 
times  the  distance  ;  or,  to  get  the  correction  in  minutes,  multiply 
by  3438  and  divide  by  the  distance ;  or,  if  the  error  is  given  in 
feet  and  the  distance  in  four-rod  chains,  nmltiply  the  former  by  52 
and  divide  by  the  distance,  to  get  the  correction  in  minutes. 

The  correct  line  may  be  run  ivitb  the  Bearing  of  the  random 
line,  by  turning  the  vernier  for  the  correction,  as  in  Art.  (312). 


<4I7)  By  Latitudes  and  Departures.  "lYhen 
a  single  line,  such  as  AB,  c^nnot  be  lun  so  as  to 
come  opposite  to  the  giien  pnnt  Z,  jroeeed  thus, 
ivith  the  Compass.  Run  any  number  of  zig-zag 
courses,  AB,  EC,  CD,  DZ,  m  any  convenient 
direction,  bo  as  at  last  to  anive  at  the  desired  point. 
Calculate  the  Latitude  and  Departure  of  each  of 
these  courses  and  take  their  algehraia  sums.  The 
sum  of  the  Latitudes  will  be  equal  to  AX,  and  that 

of  the  Departures  to  XZ.  Then  is  Tan.  Z  AX  =  ~  ; 

1.  e.  the  algebraic  sum  of  the  Departures  divided 

by  the  algebraic  sum  of  the  Latitudes  is  equal  to  the  tanj 

the  Bearmg.^ 


(418)  When  the  Transit  or  Theodolite  is  used,  any  line  icas.y  ba 
taken  as  a  Meridian,  i.  e.  as  the  line  to  which  the  following  iinea 
are  referied ;  as  in  "  Traversing,"  Art.  (373),  page  254,  all  the 
successive  lines  were  referred  to  the  first  lino.  In  the  figure,  on 
the  next  page,  the  same  lines  as  in  the  preceding  figure  are  repre- 


llie  length  of  ilie  line  AZ  can  also  ije 

t  once  oblained   si 

to  ihe  Latitiiila 

Iho  square  root  of  tha  Gain  of  the  squares 

cf  AX  Eind  XZ;  o 

divided  bj  Ihe  ooBiiie  of  iho  Bearing. 
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Bented,  but  they  are  referred  to  the  first  course, 
AB,  instead  of  to  the  Magnetic  Meridian  aa 
before,  and  their  Latitudes  are  measured  along 
its  produced  lino,  and  itg  Departures  perpen- 
dicular to  it.  As  before,  a  right-angled  triangle 
will  be  formed,  and  the  angle  ZAY  will  be 
the  angle  at  A  between  the  first  line  AE  and 
the  desired  line  AZ. 

Thia  method  of  operation  has  many  useful  (^ 
applications,  such  as  in  obtaining  data  for  running  Kailroad  Curves, 
&fl.,  and  the  student  should  master  it  thoroughly. 

The  desifed  angle  (and  at  the  same  time  the  distance)  can  be 
obtained,  approximately,  in  tMs  and  the  preceding  case,  by  finding 
in  a  Traverse  Table,  the  final  Latitude  and  Departure  of  the  desired 
hue  (or  a  Latitude  and  Departure  having  the  same  ratio)  and  the 
Bearing  and  Distance  corresponding  to  these  will  be  the  angle 
and  distance  desired. 


(119)  By  similar  triangles. 

Through  A  measure  any  line  CD.   ' 
Take  a  point  E,  on  the  lino  CB, 
beyond  the  obstacle,  and  fromj'it  a[- 
set  off  a  parallel  to  CD,  to  some 
point,  F,  in  the  line  DE,     Measure 
EF,  CD,  and  CA.     Then  this  pro- 
portion, CD  :   CA  : :  EF  :  EG,  will  ^ve  the  distance  EG,  frora 
E  to  a  point  in  the  line  AB.     So  for  othor  points. 


(420)  By  trian^iilation.  When 
obstacles  prevent  the  preceding  r 
thods  being  used,  if  a  point,  C,  can  be 
found,  from  which  A  and  B  are  accessi- 
ble, measure  the  distances  CA,  CB, 
and  the  angle  ACB,  and  thence  calculate  the  angle  CAB.  Then 
observe  any  angle  ACD,  beyond  the  obstacle.  In  the  triangle 
ACD,  a  side  and  its  including  angles  are  known,  to  find  CD.  Mea- 
sure it,  and  a  point,  D,  in  the  desired  line,  will  be  obtained. 
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CHAPTER  III. 


OBSTACLES  TO  MEASUREMENT, 

A.  Whes  both  es'ds  of  tub  line  aee  accessible. 
(421)  Tho  methods  given  iti  the  preceding  Chfipter  for  prolong- 
ing a  line  and  for  interpolating  points  in  it,  Trill  generally  give  the 
length  of  the  line  hy  the  samo  operation.  Thus,  in  Fig,  278,  tho 
inaccessihle  distance  BE  is  equal  to  CD  ;  in  Fig.  279,  BD  =  BC 
=  CD ;  in  Fig.  280,  tho  distance  BE  can  be  calculated  from  the 
same  data  aa  CE ;  in  Fig.  282,  AZ  =  VCAD'  +  EZ=)  ;  in  Fig. 
283,  AZ  =  -/(AX^  +  XZ2)  ;  in  Fig.  284,  AZ  =  v'(AY3  + 

YZ=')  ;  in  Fig.  285,A(}=  ^?-l^^~^^^  in  Fig.  286,  the  tri- 
angle ACD  will  give  tlie  distance  AD.  The  method  of  Latitudes 
and  Departures,  Arts.  (4!7)  and  (418),  is  very  generally  appli- 
"ftble.     So  ia  the  following. 


(122)  By  triangiilation.    Let  AB 

be  the  inaccessible  distance.  From 
any  point,  C,  from  lyhieh  both  A  and 
B  are  accesable,  measure  CA,  CB, 
and  the  angle  AOB.  Then  in  tho 
tnangle  ABO  two  sides  and  the  in- 
cluded angle  are  known  to  find  the 
Bide  AE.  If  all  the  angles  can  be  measured,  they~may  he  cor- 
rected, as  in  Art.  (387).* 


(423)  A  broken  Base.  When  tho  angle  C  is  very  obtuse,  th« 
preceding  problem  may  be  modified  ns  follows.  Naming  the  lines 
as  is  usual  in  Trigonometry,  by  small  letters  corresponding  to  the 

ho  nsigular  point  eanlnsBcl  in  a  ciroU 
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capital  letters  at  tlie  angles  to  which  they  are  opposite,  and  letting 
K  =3  the  namljer  of  minuteg  in  the  supplement  of  the  angle  C,  we 


ehall  have 


aUK^ 


i  +  b  —  0.000000042308  x  ^^^^. 

This  formula  is  chiefly  used  in  the  case  of  what  la  called  in  Tri- 
angular Surveying  "  A  broken  Base ;"  such  as  above ;  AC  and 
CB  being  measured  and  forming  very  nearly  a  straight  line,  and 
the  length  of  AB  being  recLinred, 

Log.  0.000000042308  =  2.6264222  —  10. 


(424)  By  angles  to  kaowii  poiuis.  The  length  of  a  line,  both 
ends  of  which  are  accessible,  may  also  ha  determined  by  angles 
measured  at  its  extremities  between  it  and  the  directions  of  two  or 
more  known  points.  But  as  the  methods  of  calculation  involve  sub- 
sequent problems,  they  will  be  postponed  to  Articles  (435),  (43fi) 
and  (137). 

B.     WnES    OiS'B   END    OF   THE   LISE   13    INACCESSIBLE. 

(125)  By  perpeildiciilarsi  Many  of  the  methods  given  for 
the  chain,  in  Bart  II,  Chapter  V,  may  be  still  more  advantageously 
employed  with  angular  instruments,  which  can  so  much  more  easily 
and  precisely  set  off  the  Perpendiculars  required  in  Articles  (191), 
(192),  (193),  &c. 


(426)  By  c<iual  angles.    Let  AB 

be  the  inaccessible  line.  At  A  set 
AC,  perpendicular  to  AB,  and  as 
nearly  equal  to  it,  by  estimation,  as 
the  ground  will  permit.  At  C,  mea- 
sure the  angle  ACB,  and  turn  the 
;,tillACD  =  AOB. 


Find  tho  point,  D,  at  the  intersections  of  the  lines  CD  and  BA  pro- 
Ji.-id.     Then  is  AD  =  AB. 
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(427)  By  (i-iangiilation.     Measure  a  distance         Fig.aso. 
AG,  about  equal  to  AB.     Measure  tke  angles  at  AS, 
A  and  C.    Then  in  the  triangle  ABC,  two  angles  { 
and  the  included  side  are  known,  to  find  another  r 

.,      .-D       ACein.  ACB  ! 

side,AB==    ^..ABO    '  |^ 

"When  the  compass  ia  used,  the  angles  between    c 
the  lines  will  be  deduced  from  their  respcctiYo 
Bearings,  by  the  principles  of  Art.  (243). 

If  the  angle  at  A  is  90',  AB  =  AC  .  tang.  ACB. 

If  A  =  90°,  and  C  =  45°,  then  AC  =  AB ;  but  this  position 
could  not  easily  be  obtained,  except  by  the  use  of  the  Sextmt, 
a  reflecting  iiistrumeiit,  uot  described  in  this  volume. 

(428)  When  one  point  caniiot  he  seen  from  llie  other.— 

Choose  two  points,  C  and  J),  in  the  line  pig.  gai. 

of  A,  and  such  that  from  C,  A  and  E  can 
bo  seen,  and  from  D,  A  and  B.  Measure 
AC,  AD,  and  the  angles  C  and  X>.  Then, 
in  the  tnangle  BCD,  are  known  two  an- 
gles and  the  included  side,  to  find  CB. 
Then,  in  the  triangle  ABC,  are  known 
two  sides  and  tho  included  angle,  to  find 
the  third  side,  AB. 

(12!))  To  find  the  distance  from  a  gireti  point  to  an  iiiaeces- 
Slide  line.  In  Fig.  275,  Art.  (406),  the  required  distance  ia 
CE.  The  operations  therein  directed  ^vQ  the  line  CA  and  the 
angle  CAB ,  or  CAE.    The  required  distance  CE  =  CA .  sin.  CAB. 
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C.  Wheis  both  enos  op  the  link  are  inaccbssiblb. 

(430)  General  illclhod,     Let  Fig-asa. 

A.B  bo  the  inaccessible  line. 
Meaaaie  any  convenient  distance 
CD,  and  the  angles  ACD,  BCD, 
ADC,  BDC. 

Then,  in  tlie  triangle  CDA, 
two  angles  and  the  included  side  . 
are  given,  to  find  CA.  In  the  ■ 
triangle  CDB,  two  angles  and  the 
included  side  are  given,  to  find 
CB.  Then,  in  the  triangle  ABC, 
two  sldea  and  the  included  angle 
are  given,  to  find  AB, 

The  work  may  he  verified  by  taking  another  set  of  triangles, 
and  finding  AB  from  the  triangle  ABD  instead  of  ABO. 

The  following  formulag  -will  however  give  the  desired  distance 
with  less  labor. 


Find  an  angle  K,  such  that  tang.  K  = 


..  ADO  .  sin.  CBD 


,.  CAI)  .  sin.  BDC 
Then  find  the  dlflerence  of  the  unknown  angles  in  the  triangle 
CAB  from  the  formula 
Tang.  ^  (CAB  —  ABO)  =  tang.  (45=  — K)  .  cot.  ^  ACB. 
Then  is  CAB  =  ^  (CAB  —ABC)  +  ^  (CAB  +  ABC), 
in.  EDO  .  sin.  ACB 


Finally,  AB  =  CD  ^ 


in.  CBD  .  sill.  CAB 

Example.  Let  CD  =  7100.25  feet;  ACD  =  95"  17'  20"; 
BCD  =  6r41'60";  ADC  =  39°  38' 40" ;  BDC  =  T8°  35'10"; 
required  AB. 

The  figure  is  constructed  with  these  data  on  a  scale  of  5000  feet 
to  1  inch  =  1:60000. 

By  the  above  formulas,  K  is  found  to  be  30°  26'  5'  ;  CAB  = 
113=55'  37";  and  lastly  AB  =  6598.32. 

Both  the  methods  may  be  used  as  mutual  checks  in  any  im- 
portant case. 
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If  the  lines  AB  and  CD  crossed 

each  other,  as  in  Fig.  293,  instead  of  ^v 

being  situated  as  in  the  preceding  /^%--\----%\ur?^'' 

figure,  the  same  method  of  caleular  '°'~''if A  '  Vx  Ww\ 
tion  n-ould  applj.  vv\  " 


(43i)  Probleuii  To  measure  an  inaccessible  distance,  AB, 
when  a  point,  C,  in  its  line  can  be  obtained.  Set  the  instrument 
at  a  poiot,  D,  from  which  A,  B 
and  0  can  he  seen,  and  measure 
the  angles  CDA  and  ADB. 
Measure  also  the  hno.DC  and 
tlie  angle  C.  Then  in  the  tri- 
fingle  ACD  two  angles,  and  the 
included  side  are  given  to  find 
AD.  In  the  triangle  DAE,  the 
angle  DAE  is  known,  (being  equal  to  ACD  +  CDA),  and  AD 
having  boon  found,  we  again  have  two  angles  and  the  included  aido 
to  find  AE. 


(432)  Problem.  To  measure  an  inaccessible  distance,  AB, 
when  only  one  point,  C,  can  he  found  from  which  both  ends  of  the 
line  can  be   seen.     Condder  CA  pj^.  295. 

and  CE  as  distances  to  be  deter-        -V -?^^ 

mined,  having  one  end  accessible. 
Determine  them,  as  in  Art.  (427), 
by  choosing  a  point  D,  from  which 
C  and  A  arc  visblo,  and  a  point  E 
from  which  C  and  B  are  visible. 
Ate  observe  tie  anglesDCA,  ACE   ^ 

and  BOE.  Measure  the  distances  CD  and  CE.  Observe  the 
angles  ADC  and  BEC.  Then  in  the  triangle  ADO,  two  angles  and 
the  included  side  are  given,  to  find  CA ;  and  the  same  in  the  tri- 
angle CBE,  to  find  OB.  Lastly,  in  the  triangle  ACB  tivo  sides 
and  the  included  augle  are  known,  to  find  AB. 
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(433)  Prftbleiii.  To  measure  an  inaccessible  distance,  AE; 
when  no  point  can  he  found  from  which  the  two  ends  can  he  seen. 
Let  C  be  a  point  from  -which  A  ia  Fig.  ags. 

visible,  and  D  a  point  from  which 
B  is  visible,  and  also  C.  Measure 
CD.  Find  the  distances  CA  and 
DB,  as  in  the  preceding  problem ; 
i.  e.  chooseapoint  E,fromwhiehA  1^ 
and   C   are   visible,   and  another  E  " 

point,  F,  from  which  D  and  B  arc  visible.  Measure  EC  and  DF. 
Observe  the  angles  AFC,  EGA,  BDE  and  DEB ;  and  at  the  same 
time  the  anglea  ACD  and  CDB,  for  the  aubaeo|uent  work.  Then 
CA  and  DB  will  be  found,  as  were  CA  and  CB  in  the  last  problem. 
Then  in  the  triangle  CDB,  two  sides  and  the  included  angle  are 
known  to  find  CB  and  the  angle  DCE  ;  and,  lastly,  in  the  triangle 
ACB,  two  sides  and  the  included  angle  (the  diflerence  of  ACD 
and  DCB)  to  find  AE. 


(134)  Problem.    To  interpolate  a  Base,     Four  inaccessible 
objects,  A,  B,  C,  D,  hein^  in  a  right  Tig.  207. 

line,  and  visible  from  only  one  point,   A^ ?^^i\.M- 

E,  it  is  required  to  determine  the  dis- 
tance between  the  middle  points,  B 
and  C,  the  exterior  distances,  AB 
and  CD,  being  known. 

Let  AB  =  «,  CD  =  5,  EC  =  a: ; 
AEB  =  P,  AEC  =  Q,  AED  =  R . 

Calculate  an  auxiliary  angle,  K,  such  that 


=  K  = 


,.  Q.s 


,  (E-P) 


Then  is  a;  = 


1.  r .  si 


.  (E-Q)' 


5,  K' 


Of  the  two  values  of  a:,  the  positive  one  is  alone  to  be  taken. 

This  problem  is  used  in  Triangular  Surveying  when  a  portion  of 
a  Base  lino  passes  over  water,  &c. 
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(435)  Problem.  Given,  the  angles  observed,  at  the  ends  of  a 
line  which  cannot  he  measured,  between  it  and  the  ends  of  a  line 
of  known  length  but  inacoessihle,  required  the  length  of  the  former 
line.  This  Problem  is  the  converse  of  that  given  in  Art.  (430). 
Ita  figure,  292,  may  i-Gpresent  the  caso,  if  the  distance  AB  be 
regardecl  as  known  and  CD  as  that  to  be  found.  Use  the  first  and 
second  formulas  as  before,  and  invert  the  last  fonnula,  obtaimng 

*^^-'^^sia.BDO..iu."ACl- 

This  problem  may  also  be  solved,  indiroetly,  by  assuming  any 
length  for  CD,  and  theneo  calculating  as  in  the  first  part  of  Art. 
(430),  the  length  of  AB  on  this  hypothesis.  The  imaginary 
figure  thus  calculated  is  similar  to  the  ti-ue  one ;  and  tho  true 
length  of  CD  will  be  given  by  this  proportion ;  calculated  length 
of  AB  :  true  length  of  AB  ::  assumed  length  of  CD  :  true  length 
of  CD. 

The  length  of  CD  can  also  be  obtained 
graphically.  Take  a  line  of  any  length, 
as  CD',  and  from  C  and  D'  lay  off  angles 
eq^ual  to  those  observed  at  C  and  D,  and 
thus  fix  points  A,  B'.  Produce  AB'  till  it 
equals  the  given  distance  AB,  on  any  de-  ^ '.'"'' 
sired  scale.  Prom  B  di-aw  a  parallel  to  ""---^^  -.^  \ 
B'D',  meeting  AD'  produced  in  D ;  and  "~"~~-'-'i, 

from  D  draw  a  parallel  to  D'C  meeting  ** 

AC  produced  in  0.     Then  CD  will  be  the  .jqnircd  distance  to 
the  same  scale  as  AB,* 


Fig,  298. 


(436)  Problem,  Three  points,  A,  B,  C,  bdng  given  by  their 
distances  from  each  other,  and  two  other  joints,  P  and  Q,  being 
so  situated  that  from  each  of  them  tivo  of  the  three  points  can  he 
teen  and  the  angles  APQ,  BPQ,  CQP,  EQP,  be  measured,  it  is 
required  to  determine  the  positions  of  P  and  Q. 

•  Sea  Artioie  (4E8)  for  a  solution  of  this  pvoblem  by  the  Hane-Tiibla. 
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CONSTEUOTION.  Begin, 
as  in  Art.  (397),  by  describ- 
ing a  circle  passing  through 
A  and  B,  tirnd  having  tlie  cen- 
tral angle  subtended  by  AE,  ■";    ">"^— ]-_ 

equal  to  twice  the  given  an-  pV- Yr^ 

gle  APB,  and  thus  contain-       ^.^  \ 

mg  thi,t  angle.     The  point  '-v,^  ''■-.r-''  .■■'' 

P  will  he  BomeTi'here  in  its  ~ 

ciicumfcrence.  Describe  another  circle  passing  through  B  and  C, 
and  hiving  a  central  angle  subtended  by  BC  equal  to  twice  the 
gnen  angle  BQC.  The  point  Q  will  lie  somewhere  in  its  cir- 
oumfeience  Trom  A  draw  a  line  making  with  A3  an  angle  = 
EBQ  in  I  meeting  at  X  the  circle  first  drawn.  IVom  C  draw  a 
bne  making  with  CB  an  angle  =:BQP,  and  meeting  the  second 
circle  in  Y.  Join  XY  and  produce  it  till  it  cuts  the  cbeles  in 
points  P  and  Q,  which  will  be  those  required ;  since  BPX  ^  BAX 
=  BPQ;  and  EQY  —  BCY=-BQP. 

Calculation.  In  the  triangle  ABC,  the  sides  being  given,  the 
angle  AEG  is  known.  In  the  triangle  ABX,  a  side  and  all  the 
angles  are  known,  to  find  BX.  In  the  triangle  CEY,  BY  is  simi- 
larly found.  By  subtracting  the  angle  AEC  from  the  sum  of  the 
angles  AEX  and  CBY,  the  angle  XET  can  be  obtamed.  Then 
in  the  triangle  XBY,  the  sides  BX,  BY,  and  the  included  angle 
are  given  to  find  the  other  angles.  Then  in  the  triangle  EPX 
are  known  all  the  angles  and  the  side  EX  to  find  EP,  In 
tlie  triangle  BQY,  BQ  is  found  in  like  manner.  I'uially,  in  the 
triangle  BPQ,  PQ  can  then  be  found. 

If  desired,  we  can  also  obtain  AP  in  the  triangle  APE  ;  and  CQ 
in  the  triangle  CEQ. 


(137)  Problem,  ^out  points,  A,  E,  C,  J),  being  given  m 
position,  hy  their  mutual  distances  and  directions,  and  two  other 
points,  P  and  Q,  being  so  situated  that  from  eaah  of  them  two  of 
the  fow  points  can  be  seen  and  the  angles  APE,  APQ,  PQC  and 
PQD  meamred,  it  is  required  to  determine  the  position  of  P  and  Q 
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CoNSTRUCTiOK.  Begin  aa  in  the  last  artice,  by  describing  on 
AB  the  segment  of  a  circle  to  contain  an  angle  equal  to  APB. 
From  B  draw  a  chord  BE,  making  an  angle  with  BA  equal  to  tho 
supplement  of  the  angle  APQ.  On  CD  describe  another  segment 
to  contain  an  angle  equal  to  CQD.  From  0  draw  a  chord  CF, 
making  an  angle  with  CD  equal  to  the  supplement  of  the  angle 
DQP.  Draw  tho  line  EF,  and  it  tviU  cut  the  two  circles  in  the 
required  points  P  and  Q* 

Calculation.  To  obtain  PQ-=EF  —  EP  —  QF,  we  proceed 
to  find  those  three  lines  thus.  In  the  tnangle  ABE,  we  know  the 
side  AB,  the  angle  ABE,  and  the  angle  AEB  =  APB ;  whe-ice 
to  find  EB.  In  tho  same  way,  the  triangle  CFD  gives  FC.  In 
the  triangle  EBC  are  known  EB  and  BC,  and  tho  angle  EEC  = 
ABC  —  ABB  ;  whence  EC  and  the  angle  ECB  are  found.  In 
tho  triangle  EOF  aro  known  EC,  EC,  and  the  angle  ECF  =  BCD 
_EOB— FCD;  whence  we  find  EF,  and  the  angles  CEF  and 
CFE. 

In  the  triangle  BEP,  we  have  EB,  the  angle  BEP  =  BEC  + 
CEP,  and  the  angle  BPE  =  BPA  +  APE  ;  to  find  EP  and  PB. 
In  the  triangle  QCF,  we  have  CF,  and  the  angles  CQE  and  OFQ, 
to  find  QC  and  QF.     Then  we  know  PQ  =  EF— EP  —  QF. 

•  Pov,  ihe  angle  APQ  in  the  figure  equals  th«  measured  angle  AI'Q,  hecaiisc 
the  aupplement  of  tlie  formBr,  BPA,  eqtiala  tho  supplement  of  tlio  latter,  ainco  il 
is  meaaured  by  the  same  arc  aa  the  angle  AEB,  equal  to  thai  aupplemeul  by  rou- 
Mrnclion.     So  loo  with  the  angle  DQP. 
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Tlleotlier  distances,  if  desired,  can  bo  easily  found  from  tlie  above 
data,  some  of  the  caJoulations,  not  needed  for  PQ,  being  made  with 
reference  to  thom.  In  the  triangle  ABP,  we  know  AB,  EP,  and 
the  angle  BAP,  to  find  the  angle  ABP  and  AP.  In  the  triangle 
QDC  we  know  QC,  CD,  and  the  angle  CQD,  to  find  the  angle 
QCD  and  QD.  In  the  triangle  PBC,  we  know  PB,  BC,  and  the 
angle  PBO  =  ABC  —  ABP,  to  find  PC.  Lastly,  in  the  triangle 
QCB,  wo  know  QC,  CB,  and  the  angle  QCB  =  DOB  — DOQ,  to 
find  QB. 

The  solution  of  this  problem  ineludea  the  two  preceding ;  for,  let 
the  line  BC  be  reduced  to  a  point  ao  that  its  two  ends  come  toge- 
ther and  the  three  lines  become  two,  and  we  have  the  problem 
of  Art,  {436)  ;  and  let  tlie  lino  AB  be  reduced  to  a  point,  B, 
and  CD  to,  a  point,  C,  and  we  have  but  one  line,  and  the  problem 
becomes  that  of  Art.  (433). 

In  these  three  problems,  if  the  two  stations  he  in  a  right  Hne 
with  one  of  the  given  points,  the  problem  is  indeterminate. 


(43S)  FroMera  of  (he  eight  points.  Four  points,  Kj'BjC,!), 
are  inaccessible,  but  visible  Fig.  am. 

from  four  other  points,  E,  '^  ^ 

F,  G,  H ;  it  is  required  to       ^  d 

find  the  respective  distances       "^ 
of  these  ei, 

only  data  being  the  obser- 
vation, from  each  of  the 
points  of  the  second  sys- 
tem, of  the  angles  under 
which  are  seen  iJie  points 
ii/  the  first  system. 

This  problem  can  be  solved,  but  the  great  length  and  complioE^ 
tion  of  the  investigation  and  resulting  formulas  render  it  more  a 
matter  of  curiosity  than  of  utility.  It  may  be  found  inPuissant'a 
"  Topographie,"  page  55 ;  Lefevre's  "  Trigonomdne,"  p.  90,  and 
Lefevre's  "  Arpentage,"  No.  387. 
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CHAPTER  ly. 


TO  SUPPI-Y  0.1IISSI0SS. 


(-ISO)  Any  two  omissions  in  a  closed  survey,  wtefcker  of  the 
iirectioii  or  of  the  IcngtJi,  or  of  both,  of  one  or  "more  of  the  sidea 
bounding  the  area  surveyed,  can  always  bo  supplied  by  a  suitable 
application  of  the  principle  of  Latitudes  and  Departures,  as  was 
stated  in  Art.  (283)  ;  although  this  means  should  be  resorted  to 
only  in  cases  of  absolute  necessity,  since  any  omission  renders  it 
impossible  to  "  Test  the  survey,"  as  directed  in  Art.  (282).  In 
the  following  ariiclea  the  survey  will  be  considered  to  have  heen 
made  with  the  Compass.  All  the  rules  will  however  apply  to  a 
Transit  or  Theodolite  survey,  the  angles  being  referred  to  any  line 
as  a  meridian,  as  in  "  Traversing," 

To  save  unnecessary  labor,  the  examples  in  the  ^ 
now  to  be  examined,  will  all  be  taken 
from  tJie  same  survey,  a  plat  of  which 
is  given  in  the  margin  on  the  scale  of 
40  chains  to  1  inch  (1:31,680),  and 
the  Field-notes  of  which,  with  the 
Latitudes  and  Departures  carried  out  . 
to  five  decimal  places,  are  ^vcn  on 
the  following  page." 


•  Tha  teschpv  can  make  any  number  of  eKamplea  for  his  own  use  by  taking 
tolerably  accurata  survey,  slriHng  out  tha  bearing  and  distance  of  any  ona 
■urse,  and  calculating  it  precisely  H8  in  Caae  1,  givpn  below.  He  can  then  omit 
ly  two  quantities  at  will,  to  bo  snjiplied  by  tno  Btuileiit  by  means  of  the  riilca 
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«.....«. 

w^l'^KS. 

LATITPDES. 

EiPAmuREg.           1 

■'■' 

fJ. 

8. 

E. 

w.     1 

A 

Korih. 

1284 

1284.00000 

0 

a       1 

a 

N.  sa"  E. 

I7S3 

1571.22171 

944.3iei.t) 

0 

N.  80"  E. 

3400 

41G.7556f 

2363.53872 

u 

S.  48"  E. 

2700 

1806.652f2 

2008.4909(5 

K 

S.  18'  W. 

2S60 

2720.02159 

883,78863 

V 

N.  73°  28' 21"  W, 

46314 

1314.09682 

4430,55725 

4^26,67421 

4526.67^21 

5314.345S7 

5314.34587 

Case  1,   When  the  length  and  the  Bearing  of  any  one  side  are 


(449)  Kml  the  Latitudes  and  the  Departures  of  tlio  remaining 
sides.  The  difference  of  the  North  and  South  Latitudes  of  these 
lines,  is  the  Latitude  of  the  omitted  line,  and  the  difference  of  their 
Departures  is  its  Departure.  This  Latitude  and  Depa]:tnre  are  two 
sides  of  a  right  angled  triangle  of  which  the  omitted  line  is  the 
hypothenuse.  Ita  length  is  therefore  eciual  to  the  square  root  of 
the  aum  of  their  squares,  and  the  quotient  of  the  Departure  divided 
by  the  Latitude  is  the  tangent  of  its  Bearing ;  as  in  Art.  (417). 

In  the  above  survey,  suppose  the  course  from  F  to  A  to  have 
i>een  omitted  or  lost.  The  difference  of  the  Latitudes  of  the 
remaining  courses  will  be  found  to  be  1314.69682,  and  tlie  differ- 
ence of  the  Departures  to  be  4430.55725.  The  square  root  of  tho 
sum  of  their  squares  is  4621.5 ;  and  the  quotient  of  the  Departure 
divided  by  the  Latitude  is  the  tangent  of  73°  28'  21".  The  de- 
ficiencies were  in  North  Latitude  and  West  Departure  ;  and  the 
omitted  course  is  therefore  N.  73°  28'  21"  W.,  4621.5 

Case  2.  When  the  length  of  one  side  and  the  Searing  of 
another  are  wanting, 

(441)  Wlicn  tlic  dcOclCHt  sides  adjoin  cacli  otlicr.  Find,  as 
in  Case  1,  the  length  and  Bearing  of  the  Hne  joining  the  ends  of 
the  remaining  courses.  This  line  and  the  deficient  lines  will  form  a 
triangle,  in  which  two  sides  will  be  known,  and  the  angle  between 
the  calculated  side  and  the  side  whose  Beaiing  is  given  can  be 
found  by  Art.  (243).  The  parts  wanting  can  then  be  obtained 
by  the  common  rules  of  Trigonometry. 
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In  the  figure,  let  the  length  of  EF, 
and  the  Bearing  of  FA  be  the  omitted 
parts.  Tho  differeace  of  the  sums  of 
the  N.  and  S.  Latitudes,  and  the  E. 
and  W.  Departures  of  the  complete 
courses  from  A  to  E,  are  respectively 
1405.3247T  North  Latitude,  and 
5314.34587  East  Departure.  The 
course,  EA,  corresponding  to  tliia  do- 
Sciencj  we  find,  by  proceeding  as  in  ease  1,  to  be  S.  75°  11'  li 
W.,  549T.026.  The  angle  AEE  is  therefore  =  75°  11'  15" 
18"  =  57°  11'  15".  Then  in  tie  tnangle  AEF  are  given  ti 
aides  AE,  AF,  and  the  angle  AEF  to  find  the  remaining  part 
viz.  the  angle  AFE^Ol"  28'  21",  -whence  the  Eoaring  ■ 
FA  =  91°  28'  21"  — 18°=:N.  73°  28'  21"  W.;  and  the  w 
EF  =  2860. 


(4i2)  WiiSB  tliE  deScieiit  sides  ar&  separated  frfiiu  each  oilier. 
A  modiiication  of  the  preceding  method  ivill  still  apply.  la  this 
figure  let  the  omissions  be  tho  Bearing  Fig.  sO'i. 

of  FA  and  tlie  length  of  CD.  Ima^ne 
the  courses  to  change  places  without 
changing  Bearings  or  lengths,  so  as  to 
bring  tlie  deficient  lines  next  to  each  : 
other,  by  transferring  CD  to  AG-,  AB 
toGH,  andECtoHD.  This  iviU  not  . 
aifect  their  Latitudes  or  Departures. 
JoinGP.  Then  in  the  figure  DEFGH, 
the  Latitudes  and  Departures  of  all  the  sides  but  FG  a 
whence  its  length  and  Bearing  can  be  found  as  in  Case  1. 
Then  the  triangle  AGF  may  be  treated  liiio  the  triangle  AEF 
in  the  last  article,  to  obtain  the  length  of  AG  =  CD,  and  tlie  Bear^ 
lag  of  FA. 


e  known, 


(443)  Olhertvise,  hy  changing  the  Meridian.  Imagme  tlie  field 
to  turn  around,  till  the  side  of  -which  the  distance  is  unknown, 
becomes  the  Meridian,!,  e.  comes  to  be  due  North  and  South' 
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all  the  otlier  sides  retaining  their  relative  poddons,  and  continuing 
to  make  tlie  same  angles  with  each  other.  Change  their  Bearings, 
accordingly,  as  directed  in  Art.  (244).  Find  the  Latitudes  and 
Departures  of  the  sides  in  their  new  positions.  Since  the  side 
whose  length  was  unfaiown  has  been  made  the  Meridian,  it  has  no 
Departure,  whatever  may  be  its  unknown  length ;  and  the  difference 
of  the  columns  of  Depai-ture  will  therefore  he  the  Departure  of  the 
side  whose  Bearing  is  unknown.  The  length  of  this  side  is  given. 
It  is  tlie  hypothenuse  of  a  right  angled  triangle,  of  which  the  De- 
parture is  one  side.  Hence  the  other  side,  Trhich  is  the  Latitude, 
can  be  at  once  found ;  and  also  the  unknown  Bearing. 

Put  this  Latitude  in  the  Table  in  the  blank  where  it  belongs. 
Then  add  up  the  columns  of  Latitude,  and  the  difference  of  thfir 
Bums  will  be  the  unknown  length  of  the  side  which  had  been  made 
a  Meridian.* 

Let  the  omitted  quantities  be,  as  in  the  last  article,  the  length 
of  CD  and  the  [Bearing  of  FA. 
Make  CD  the  Meridian.  The  chang- 
ed Bearings  will  then  be  found  by 
Art.  (244)  to  be  as  in  the  margin. 
To  aid  the  imagination,  turn  the 
book  around  till  CD  points  up  and 
down,  as  North  lines  are  usually 
placed  on  a  map.  Then  obtain  the  Latitudes  of  tho  courses  with 
their  new  Bearings  and'  old  distances,  and  proceed  as  has  been 
directed. 

Case  S.      When  the  lengths  of  two  sides  are  wanting. 

(444)  Wlien  the  deficient  sides  a^oia  eacli  otliciv  Pind  the 
Latitudes  and  Departures  of  the  other  courses,  and  then,  by  Case 
1,  find  the  length  and  Bearing  of  the  lino  joining  the  extremities 
of  the  deficient  courses.  Then,  in  the  triangle  thus  formed,  are 
known  one  side  and  all  the  angles  (deduced  from  the  I 
End  the  lengths  of  the  other  two  sides. 


,T.. 

A 

North. 

N.  80°  W, 

B 

N.  aa"  E. 

N.  48"  W. 

0 

N.  80°  E. 

Jfin-tt. 

D 

S.  43=  B. 

K.  sa' B. 

Ji 

S.  18=  W. 

8,  GV  E. 

F 

*  This  conception  of  tbus  changing  the  Bearings  is  etnted  ti 
Etobert  I'atteieon,  of  Philadelphia,  by  ivhom  it  was  coraranni 
fiammere,  and  pabliahed  by  him,  in  1814,  in  his  "  Ti'eatiss  oi 


be  dne 
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Thus,  in  Eg.  303,  page  299,  let  EF  and  FA  be  the  sides  ivliose 
.engths  are  unknown.  EA  is  then  to  he  calculated,  and  its  length 
will  be  found,  as  in  Art.  (441),  to  bo  5497.026,  and  its  bearing 
S.  75=  11'  15"  "VV.,  whence  tlie  angle  AEF  =  75°  11'  15"  — 18' 
=  57='  ir  15" ;  AFE  =  18°  +  73'  28'  21"  =  91=  28'  21" ;  and 
EAI'  =  Sl°  20'  24" ;  wiience  can  be  obtained  EF  =  2860  and 
FA  =  4621.5. 

(i  15)  When  tbe  ^eticleiit  sidles  are  separated  from  each  otiier 

Let  tlie  lengths  of  BO  and  DE  be  those  Fig.  305. 

omitted.     Again  imagine  the  courses  „    _5^ 

to  change  places,  so  as  to  bring  the  /V,  \ 

deficient    lines    together,    DE    being       /         ''\  \ 

transferred  to  CG,  and  CD  to  GE.  ^  ' 
Join  BG.  Then  in  the  figure 
ABGEFA,  are  known  the  Latitudes 
and  Departures  of  all  the  courses  es- 
ceptBG,  whence  its  length  andBearing 
can  be  found  as  in  Case  1.  Then  in  the  triangle  EGG,  the  anglo 
CBG  can  be  found  from  the  Bearings  of  CB  and  BG,  and  the  angle 
CGB  from  the  Bearings  of  BG  and  GC.  Then  all  the  angles  of 
the  triangle  are  known  and  one  side,  BG,  whence  to  find  tho 
required  sides,  BC  =  1782,  and  CG  =  DE  =2700. 

(440)  Otherwm,  hy  changing  the  Meridian.  As  in  An.  (443), 
imagine  the  field  to  turn  aronnd,  tall  one  of  the  sides  whose  length 
is  wanting,  becomes  a  Meridian  or  dae  North  and  South.  Change 
all  the  Bearings  correspondingly.  Find  the  Latitudes  and  Depar- 
tures of  the  changed  courses.  The  difference  of  the  columns  of 
Departure  will  be  the  Departure  of  the  second  course  of  unknown 
length,  since  the  course  made  Meridian  has  now  no  Departure. 
The  new  Bearing  of  this  second  course  being  given,  in  the  right 
angled  triangle  formed  by  this  course  (as  an  hypothenuse)  and  its 
Departure  and  Latitude,  wo  know  one  side,  the  Departure,  and 
tho  acute  angles,  which  are  the  Bearing  and  its  complement.  The 
length  of  the  course  b  then  readily  calculated  ;  and  also  its  Lati- 
tttde.     This  Latitude  being  inserted  in  its  proper  place,  the  .liffer- 
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eace  of  the  columns  of  Latitude  ivill  1     th   1 
side  which  had  heen  made  a  Meridl 

Thus,  let  the  lengths  of  BC  and  DF  h    w 
1 
M    d 


,T*. 

A 

North. 

N.  32=  W. 

B 

N. 3a' B. 

North. 

(; 

K.  80=  E, 

N. 48=  E. 

D 

8  48"  E. 

e.  80=  E. 

B 

S.  IS"  W. 

S.  14»E. 

V 

N.  73=  53'  ai"  W 

S.  74"  31' 39"  W. 

tl  1 


} 


U  1 

th   ] 
I 


tl      mi,         C  1    1  t 
Ltd  a     D  1     t 

Th    1  ff  f  tl     D  1 

11  1     th     D  I     t 
of  DE,  since  BO,  being  a  Meridian,  1  D  j  H        tl 

length  and  Latitude  of  EE  are  readily  obtained.  This  Latitude 
bemg  pat  in  the  table,  and  the  columns  of  Latitude  then  added  uo. 
their  difference  will  be  the  length  of  BC. 

Case  4,     When  the  Bearings  of  two  sides  are  wanting. 

(44?)  When  the  flelicicnt  sides  adjoiu  each  other.  Eind  the 
Latitudes  and  Departures  of  the  other  sides,  and  then,  as  in  Case 
1,  find  the  length  and  bearing  of  the  line  joining  the  extremities 
of  the  deficient  sides.  Then  in  the  triangle  thus  formed  wc  have 
the  three  sides  to  find  the  angles  and  thence  the  Bearings. 

('!4§)  Whm  the  deCcieat  sides  are  separateil  frotn  each  other 

Chango  the  places  of  the  sides  so  as  to  bring  the  deficient  onei 

next   to   each  other.      Thus,  in  the  Fig.  3us. 

figure,  supposmg  the  Bearings  of  CD, 

and  EF  to  be  wanting,  tramfer  EE  to 

DG,  and  DE  to  GF.     Then  calculate, 

as  in  Case  1,  the  length  and  Bearing  : 

of  the  line  joining  the  extremities  of 

the  deficient  sides,  CG  in  the  figure. 

TTiis  line  and  the  deficient  sides  form  a 

triangle  in  which  the  three  sides  are  i" 

given  to  determine  the  angles  and  thence  the  required  Bearings. 


*  Tlie  fullest  investigation  of  Ijiia  eiibjeol^  deTelopiog  many  ci 
be  found  in  Masehevoiii's  "FrMemes  de  Giomelrie  pour  les  Arpenteurs,'  and  LliU' 
xWm't  "Foli/gonmnll-ie."     T)is  mathod  of  Arts.  (442).  (44o),  and  (448)  is 
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(149)  Tuia  Plane  Table  ia  in  substance  merely  a  drawing  board 
fixed  on  a  tripod,  so  that  lines  may  bo  draim  on  it  by  a  ruler  placed 
80  as  to  point  to  any  object  in  sight.  All  ita  parts  are  mere  addi- 
tions to  render  this  operation  more  convenient  and  predse* 

Sucli  an  arrangement  may  be  applied  to  any  kind  of  "  Angular 
Surveying" ;  such  as  tlie  Third  Method,  "  Polar  Surveying,"  in 
ita  two  modificafcions  of  Radiation  and  Progression,  (characterized 
in  Art.  (220)),  and  the  Fourth  Method,  by  Intersections.  Each 
of  tJiese  ivill  he  successively  explained.  The  instrument  is  very 
convenient  for  filling  in  the  details  of  a  survey,  when  tJie  principal 
pomts  have  been  determined  by  the  more  precise  method  of  "  Tri- 
angular Surveying,"  and  can  then  be  platted  on  the  paper  in 
advance.  It  has  the  great  advantage  of  dispensing  with  all 
notes  and  records  of  the  measurements,  since  they  are  platted  as 
they  are  made.  It  thus  saves  time  and  lessens  mistakes,  but  ia 
wanting  in  precision, 

(450)  The  Table.  It  is  usually  a  rectangular  board  of  well 
seasoned  pine,  about  20  inches  wide  and  30  long.  The  paper  to 
be  drawn  upon  may  be  attached  ta  it  by  drawing-pins,  or  by  clamp- 
ing plates  fixed  on  its  sides  for  that  purpose,  or  by  springs  pressed 
upon  it,  or  it  may  be  held  between  rollers  at  opposite  sides  of  tlie 
table.  ■  Tinted  paper  is  less  dazzling  in  the  sun.  Cugnot's  joint, 
described  on  pago  134,  is  the  best  for  connecting  it  irith  its  tripod, 
tliough  a  pair  of  parallel  plates,  like  those  of  the  Theodolite,  are 
often  used.  A  detached  level  is  placed  on  the  board  to  test  ita 
horizontality  ;  though  a  smooth  b^,  as  a  marble,  will  answer  tho 
same  purpose  approximately. 

■Tbe Plana  Table  Is  Dots  Gontometef,  or  Aagli'tneatvrtjVke  tbe  Compua, Trsndt,  JE& 
but  a  Gimigraph,  or  A.ngU-Sravier. 
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A  pair  of  s'lghta,  like  those  of  Oie  compass,  are  sometimes 
placed  vmder  the  board,  serving,  bke  a  "  Watch  Telescope,"  (Art, 
(339),  to  detect  any  moyement  of  the  instrument.  To  find  wliat 
point  on  the  lower  side  of  the  board  is  exactly  under  a  point  on 
the  upper  side,  so  that  hy  suspending  a  plumb-line  from  the  former 
the  latter  may  be  exactly  over  any  deaiied  point  of  ground,  a  large 
pair  of  "  caOipers,"  or  dividers  with  cuiTed  legs,  may  be  used,  one 
of  their  points  behig  }.laced  on  the  upper  point  of  the  board,  and 
their  other  point  then  determining  the  corresponding  under  point ; 
or  a  frame  forming  three  sides  of  a  rectangle,  like  a  slate  frame, 
may  be  placed  so  tliat  one  end  of  one  aide  of  it  touches  the  upper 
point,  and  the  end  of  tlie  corresponding  side  is  under  the  table 
precisely  below  the  given  point,  so  ihat  from  this  end  a  plumb-line 
can  be  dropped.  A  compass  is  sometimes  attached  to  the  table, 
(ir  a  detached  compass,  consisting  of  a  needle  in  a  naiTOW  box, 
(called  a  Dechnator),  is  placed  upon  it,  as  desired.  The  edges 
of  the  table  are  sometnnes  divided  into  degrees,  hke  the  "  Drawing 
board  Protractor,"  Art.  (21'3).  It  then  becomes  a  sort  of  Gonio 
meter,  hke  that  of  Art.  (2B3). 

(451)  TUe  .lli^adCt  The  ruler  has  a  fiducial  or  feather  edge, 
which  may  be  divided  into  inches,  tenths,  &c.  At  each  end  it 
carries  a  sight  lilce  those  of  the  compass.  Two  needles  would  be 
tolerable  substitutes.  The  eights  project  beyond  its  edge  so  that 
their  centre  lines  shall  be  precisely  in  the  same  vertical  plane  as  this 
edge,  in  order  that  the  lines  drawn  by  it  may  correspond  to  tlia 
lines  sighted  on  by  them.  To  test  this,  fis  a  needle  in  tho  board, 
place  the  nder  against  it,  sight  to  some  near  point,  draw  a  line 
by  the  ruler,  turn  it  end  for  end,  again  place  it  against  the  needle, 
again  sight  to  the  same  point,  and  draw  a  new  line.  If  it  coincides 
ivith  the  former  line,  the  above  condition  is  satisfied.  The  ruler 
and  sights  together  take  the  name  ofAhdade.  If  a  point  should 
he  too  high  or  too  low  to  be  seen  with  the  alidade,  a  plumb-line, 
held  between  the  eye  and  the  object,  will  remove  the  difficulty. 

A  telescope  is  sometimes  substituted  for  the  sighte,  being  sup- 
ported above  the  ruler  by  a  standard,  and  capable  of  pointing 
upward  or  downward.     It  admits  of  adjustments  similar  in  pmciple 
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to  the  2d  and  3d  adjustments  of  the  Transit,  Part  XV,  Cliapter  3, 
pages  242  and  246. 

But  even  without  these  adjustmentB,  whether  of  the  sights  or 
of  the  telescope,  a  survey  could  be  made  -wHcli  would  be  per- 
fectly correct  as  to  the  relative  portion  of  its  parts,  however  far 
the  line  of  aight  might  be  from  lying  in  the  same  vertical  plane 
as  the  edge  of  the  i-uler,  or  even  from  bemg  parallel  to  it ;  just  aa 
in  the  Transit  or  Theodolite  the  index  or  vernier  need  not  to  be 
esaetly  tinder  the  veriical  hair  of  tlie  telescope,  since  the  angular 
deviation  affects  all  the  observed  directions  equally. 

(^2)  MeHiod  of  Railiatioii.  This  is  the  simplest,  though  not 
tlie  best,  method  of  surveying  with  the  Plane-table.  It  is  especi- 
ally applicable  to  survey-  fig.  -ior. 
ing  a  field,  as  in  the  figure. 
In  it  and  the  following  fi- 
gures, the  size  of  the  Table 
is  much  exaggerated.  Set 
the  instrument  at  any  conve- 
nient point,  asO;  level  it, 
and  fix  a  needle  (having  a 
head  of  sealing-wax)  in  the 
board  to  represent  the  star- 
tion.  Direct  the  alidade  to  any 
edge  of  the  ruler  touching  the  needle,  and  draw  an  indefinite  line  by 
it.  Measure  OA,  and  set  off  the  distance,  to  any  desired  scale,  from 
the  needle  point,  along  the  line  just  drawn,  to  a.  The  line  OA  is 
thus  platted  on  the  paper  of  the  table  as  soon  as  determined  in  the 
field.  Determine  and  plat  in  the  same  way,  OB,  OC,  &c.,  to  h,  e, 
&e.  Join  ah,  ha,  &;c.,  and  a  complete  plat  of  the  field  is  obtained. 
Trees,  houses,  hills,  bends  of  rivers,  &c,,  may  be  determnied  in 
Hie  same  manner.  The  corresponding  method  with  the  Compass 
or  Transit,  was  described  in  Articles  (25S)  and  (391).  The  table 
may  be  set  at  one  of  the  angles  of  the  field,  if  more  convenient. 
If  the  ahdade  has  a  telescope,  the  method  of  measuring  distances 
vfith  a  stadia,  described  in  Art.  (375),  may  be  here  applied  with 
great  advantage, 

20 


of  the  field,  as  A,  the  fiducial 
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(45S)  method  of  Progression^  Let  AECD,  kc,  be  tha  line 
to    be    surveyed.  _  ^<s-  3(is. 

Fix  a  needle  at  a 
convenient  point 
of  the  Plane-table,  / 
near  a  corner  so 
as  to  leave  room 
for  the  plat,  and 
set  «p  the  table  at 
B,  the  second  an- 
gle of  the  line,  so 
that  the  needle, 
whose  point  repre- 
sents B,  and  which  should  be  named  5,  shall  be  exactly  over  that 
station.  Sight  to  A,  pressing  the  fiducial  edge  of  the  ruler  against 
the  needle,  and  draw  a  line  by  it.  Measure  BA,  and  set  off  ita 
length,  to  the  desired  scale,  on  the  line  just  drawn,  from  J  to  a 
pomt  a,  representing  A.  Then  sight  to  C,  draw  an  indefinite  line 
by  the  ruler,  and  on  it  set  off  the  length  of  BC  from  b  to  e.  Kx 
the  needle  at  c.  Set  up  at  C,  the  point  c  being  over  this  stalaon, 
and  make  the  line  ch  of  the  plat  coincide  in  direction  with  CE  on 
tlie  ground,  by  placing  the  edge  of  the  ruler  on  ch,  and  turning  the 
table  tall  the  mghts  point  to  B.  The  compass,  if  the  tabic  have 
one,  will  facilitate  this.  Then  sight  forward  from  C  to  D,  and  fix 
CD,  «'i  on  the  plat,  as  ho  was  fixed.  Set  up  at  D,  make  dc  coincide 
with  DO,  and  proceed  as  before.  The  figure  shews  the  lines 
drawn  at  each  successive  station.  The  Table  drawn  at  A  shews 
how  the  survey  might  be  commenced  there. 

In  going  ai'ound  a  field,  the  work  would  be  proved  by  the  last 
line  V  closing"  at  the  starting  point ;  and,  during  the  progress  of 
the  survey,  by  any  direction,  as  from  0  to  A  on  the  ground,  coin- 
ciding ivith  the  corresponding  line,  ca,  on  the  plat. 

This  method  is  substantially  the  same  as  the  method  cf  survey- 
ing a  Ime  with  the  Transit,  explained  in  Art.  (372).  It  rectuirea 
all  the  points  to  be  accesdble.  It  is  especially  suited  to  the  sur 
vey  of  a  road,  a  brook,  a  winding  path  through  woods,  &c.  The 
offeets  required  may  often  be  sketched  in  by  eye  with  suflicient 
precision. 
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Wiiea  tke  paper  is  filled,  put  on  a  new  Btect,  and  begin  by  fixing 
oil  it  two  points,  anch  as  0  and  D,  which  were  on  the  former  sheet, 
and  fiom  them  pioeecd  as  before.  The  sheets  can  then  be  after- 
wards united,  80  tint  all  the  points  on  hotli  shall  be  in  their  true 
relative  position'? 


(434)  lletlsoal  of  Iiilerscctioo.    This  is  the  mosit  usual  and 
the  ruost  rapid  method  of  using  the  Plane-table.     The  principle 
was  referred  to  in  Articles  (259)  and  (392).     Set  up  the  instru- 
ment at  any  convenient  point,  as  X  in  the  figure,  and  sight  to  all 
Fig.  309. 


the  desired  points  A,  B,  C,  &c.,  which  are  visible,  and  draw  inde- 
finite lines  in  their  directions.  Measui-e  any  lino  5Y,  Y  being 
one  of  the  points  sighted  to,  and  set  off  this  Hne  on  the  paper  to 
any  scale.  Set  up  at  T,  and  turn  the  table  till  the  line  XY  on 
the  paper  lies  in  the  direction  of  XY,  on  the  ground,  as  at  C  m  the 
last  method.  Sight  t«  all  the  former  points  and  draw  Imes  in  their 
direc^ons,  and  tlie  intersections  of  the  two  lines  of  sight  to  each 
point  -will  determine  them,  by  the  Fourth  Method,  Art.  (8). 
Points  on  the  other  side  of  the  line  XY  coiild  be  determined  at  the 
same  time.  In  surveying  a  field,  one  side  of  it  may  be  taken  for 
the  base  XY.  Very  acute  or  obtuse  intersections  should  be 
avoided.  30°  and  150°  should  be  the  extreme  limita.  The  impos- 
Kibility  of  always  doing  this,  renders  this  method  often  deficient  in 
precision.  When  the  paper  is  filled,  put  on  a  new  slieet,  by  fixing 
on  it  two  known  points,  as  in  the  preceding  method. 
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(455)  Metliod  of  Kesectiou.    This  method  (called  bj  the  French 

Reeoupemmt^  is  a  modification  of  tho  preceding  method  of  later 

Fis-  310- 


Bcctioii.  It  requires  tlie  measurement  of  only  one  distance,  but  all 
the  points  must  be  accessible.  Let  AE  be  the  measured  distance. 
Lay  it  off  on  the  paper  as  ah.  Set  the  table  up  at  B,  and  turn  it 
till  tlie  line  la  on  the  paper  coincides  with  BA  on  the  ground,  as 
in  the  Method  of  Progression.  Then  sight  to  C,  and  draw  an  inde- 
finite line  by  the  ruler.  Set  up  at  C,  and  turn  the  line  last  drawn 
BO  as  to  point  to  E.  Fix  a  needle  at  a  on  tlie  table,  place  tho 
alidade  against  tlie  needle  and  turn  it  till  it  sights  to  A.  Then  the 
point  in  which  the  edge  of  the  ruler  cuts  the  line  drawn  from  B 
will  be  the  point  c  on  the  table.  Next  sight  to  D,  and  draw  an 
indefinite  line.  Set  up  at  D,  and  make  tho  line  last  drawn  point 
to  C.  Then  fix  the  needle  at  a  or  b,  and  by  the  alidade,  as  at  the 
last  station,  get  a  new  hno  back  from  either  of  them,  to  cut  the  last 
drawn  line  at  a  point  which  will  be  d.  So  proceed  as  far  as  de- 
Eired. 

(496)  To  orieut  Uie  talde/  The  operation  of  orientation  con- 
sists in  placing  tlie  table  at  any  point  so  that  its  lines  shall  have 
ihe  same  directions  as  when  it  was  at  previous  stations  in  the  same 
survey. 


■  The  Fiench  phrase,  To  crieni  one's  self,  meaning  to 
nauelly  with  respect  to  the  fonr  quarters  of  llie  heaven! 
Jie  leaJiiig  one,  well  deaervea  iiatnra  Hz  alien  in  onr  Ian 


of  whith  the  Oi-is 
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With  a  compass,  this  ia  very  easily  effected  by  turning  the  table 
till  the  needle  of  tlie  attached  compa'^a,  or  that  of  the  Declinator, 
placed  in  a  fixed  position,  points  to  the  same  degree  aa  irhen  at 
the  previous  station. 

Witlioufc  a  compass  the  talile  is  onented,  nhcn  set  at  one  end  of 
a  line  previously  determined,  by  sighting  back  on  this  line,  as  at  C 
in  tlie  Method  of  Progression,  Art.  (453). 

To  orient  tho  table,  when  at  a  station  uacoimected  with  others, 
is  more   difficult.      It   may  be  pi,  ^n 

effected  thus.  Let  ah  on  the  ta- 
ble represent  a  line  AE  on  the 
ground.  Set  up  at  A,  make  ab 
coincide  with  AB,  Eind  draw  a 
line  from  a  directed  towards  a 
steeple,  or  other  conspicuous  ob- 
ject, as  S.  Do  the  same  afcE,  Draw  a  line  cd^  parallel  to  ah, 
and  intercepted  between  aS,  and  6S.  Divide  ab  and  cd  into  the 
same  nmnber  of  equal  parts.  The  table  ia  then  prepared.  Now 
let  there  be  a  station,  P,  p  on  the  table,  at  which  the  table  is  to  be 
onented.  Set  the  table,  so  that^  is  over  P,  apply  the  edge  of  the 
ruler  to  j),  and  turn  it  till  thia  edge  cuts  cd  in  the  division  corre- 
spondmg  to  that  in  which  it  cuts  ah.  Then  turn  the  table  till  the 
sights  point  to  S,  and  the  table  will  be  oriented. 


; 

M 

^ 

i 

^rt 

Fig.  313. 


(451)  To  Biiii  ftnc's  ylace  csi  tlss  gl'Ollllj!i  This  problem  may 
be  otherwise  expressed  as  Interpolating  a  point  in  a  plat.  It  is 
most  easily  performed  by  reversing  the  Method  of  Intersection. 
Set  up  the  table  over  the  station, 
0  in  the  figure,  whose  place  on 
the  plat  already  on  the  tabic  is 
deaired,  and  orient  it,  by  one  of 
the  means  deseiibed  in  the  last 
article.  Make  the  edge  of  the 
ruler  pass  through  some  point,  a 
on  the  table,  and  turn  it  till  the 
sights  point  to  the  corresponding 
station,  A  on  the  ground.     Draw  a  hne  by  the  ruler.     The  desired 
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point  is  someivliei'e  m  tliis  line.  Make  the  ruler  pass  through 
another  point,  5  on  the  tahle,  and  make  the  sights  point  to  B  on 
the  gi-ounii  Draw  a  second  line,  and  its  intersection  ^ith  tiie 
first  will  be  the  point  desired.  Using  C  in  the  same  way  would 
give  a  third  line  to  prove  the  work.  This  operation  may  be  used 
as  a  new  method  of  surveying  with  the  plane-table,  since  aiij 
number  of  points  can  have  their  places  fixed  in  the  same  manner. 

This  problem  may  Edso  be  executed  on  the  principle  of  Trilinear 
Surveying.  Three  points  being  given  on  the  tahle,  lay  on  it  a  piece 
of  transparent  paper,  fix  a  needle  any  where  on  this,  and  with  the 
alidade  sight  and  draw  lines  towards  each  of  these  three  points 
on  the  ground.  Tliea  use  tins  paper  to  find  the  desired  point,  pre- 
cisely as  directed  in  the  last  sentence  of  Art.  (§98),  page  277. 

(158)  Inaci^essiltle  distances.  Many  of  the  problems  in  Part 
"VTI.  can  be  at  once  solved  on  the  ground  by  the  plane-table,  since 
it  is  at  the  same  time  a  Goniometer  and  a  Protractor,  Thus,  the 
Problem  of  Art.  (135)  may  be  solved  as  follows,  on  the  principle 
of  the  construction  in  the  last  paragraph  of  that  article.  Set  the 
table  at  C.  Mark  on  it  a  point,  c',  to  represent  C,  placing  e' 
vertically  over  C.  Sight  to  A,  B  and  D,  and  draw  corresponding 
lines  from  c'.  Set  up  at  D,  mark  any  point  on  the  line  drawn  from 
c'  towards  D,  and  call  it  d'.  Let  d'  be  exactly  over  D,  and  direct 
rfV  ttiward  0,  Thei:  sight  to  A  and  B,  and  draw  corresponding 
lines,  and  their  intersections  with  the  lines  before  drawn  towards 
A  and  E  will  fix  points  a'  and  5'.  Then  on  the  line  joining  a  and 
6,  given  on  the  paper  to  represent  A  and  B,  ah  being  equal  to  AB 
on  any  scale,  construct  a  figiu-e,  ahed,  similar  to  a'h'c'd',  and  the 
line  3(7  thus  determined  will  roprosont  CD  on  the  same  scale  as  AB 
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SURVEYING  WITHOUT  INSTRUMENTS. 

(459)  TUE  Principles  ^v■llicll  were  established  in  Part  I,  and  subse- 
quently applied  to  surveying  witli  various  instrumenta,  may  also  be 
employed,  with  tolerable  correctness,  for  determining  and  represent- 
ing the  relative  positions  of  larger  or  smaller  portions  of  the  earth's 
surface  without  any  Instruments  but  such  &s  can  be  extemporized. 
The  prominent  objects  on  the  ground,  such  as  houses,  trees,  tlie 
summits  of  hills,  the  bends  of  rivers,  the  crossings  of  roads,  &c., 
are  regarded  as  "points"  to  be  "determined."  Distances  and 
angles  are  consequently  required.  Approximate  methods  of 
obtaining  these  will  therefore  be  firat  given. 

(460)  Bislances  fcy  paciu^i  Quite  an  accurate  measurement 
of  a  line  of  ground  may  be  made  by  walking  over  it  at  a  unifoi-m 
pace,  and  counting  the  steps  taten.  But  the  art  of  walking  in  a 
straight  Une  must  first  be  acquired.  To  do  this,  fix  the  eye  on  two 
objects  in  the  desired  line,  such  as  two  trees,  or  bushes,  or  stones, 
or  tufta  of  grass.  Walk  forward,  keeping  the  nearest  of  these 
objects  steadily  covering  the  other.  Before  getting  up  to  the 
nearest  object,  choose  a  new  one  in  line  farther  ahead,  and  then 
proceed  as  before,  and  so  on.  It  is  better  not  to  attempt  to  make 
each  of  the  paces  three  feet,  but  to  take  steps  of  the  natural  length, 
and  to  ascertdn  the  value  of  each  by  walking  over  a  known  dis- 
tance, and  dividing  it  by  the  number  of  paces  required  to  traverse 
it.  Every  person  should  thus  determino  the  usual  length  of  his 
ovm  steps,  repeating  the  experiment  sufficiently  often.  The  Prench 
"  Greographical  Engineers "  accustom  themselves  to  take  regular 
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Bteps  of  eight-tenths  of  a  metre,  eciual  to  two  feet  seven  and  a  half 
inches.  The  English  military  pace  is  two  feet  and  six  inches. 
This  ia  regarded  as  a  usual  average.  108  such  paces  per  minute 
^I'e  3.07  English  miles  per  hour.  Quick  pacing  of  120  such  paces 
per  miaute  gives  8.41  milea  per  hour.  Slow  paces,  of  three  feet 
each  and  60  per  minute,  give  2.04  milea  per  hour.* 

Aa  instrument,  called  a  Pedometer,  has  been  contrived,  which 
counts  the  steps  taken  bj  one  wearing  it,  without  any  attention  on 
his  part.  It  is  attached  to  the  body,  and  a  cord,  passing  from  it 
to  the  foot,  at  each  step  moves  a  toothed  wheel  one  division,  and 
some  intermediate  wheelwork  records  the  whole  number  upon  a  dial. 

(_461)  Dlstiiaccs  by  visual  angks>  Prepare  a  sca^e,  by  mai-king 
off  on  a,  pencil  what  length  of  it,  when  it  is  held  off  at  arm's  length, 
a  man's  height  appears  to  cover  at  different  distances  (previously 
measured  with  accuracy)  of  100,  500,  1000  feet,  &c.  To  apply 
this,  when  a  man  is  seen  at  any  unknoivn  distance,  hold  up  the 
pencil  at  arm's  length,  making  the  top  of  it  come  in  the  Ime  from 
the  eye  to  his  head,  and  placing  the  thumb  nail  in  the  line  from 


.-Ju 


the  eye  to  Lis  feet,  as  in  Fig.  S13.  The  pencil  having  been  previ- 
ously graduated  by  the  method  above  explained,  the  portion  of  it 
now  mtereepted  between  these  two  lines  will  indicate  the  corre- 
sponding distance. 

If  no  previous  scale  have  been  prepared,  and  the  distance  of  a 
man  be  required,  taKS  a  foot-rule,  or  any  measure  minutely  divided, 
hold  it  off  at  arm's  length  as  before,  and  see  how  much  a  man's 
height  covers.  Then  knowing  the  distance  from  the  eye  to  tlie 
rule,  a  statement  by  the  Rule  of  Three  (on  the  principle  of  similar 
triangles)  will  give  the  distance  required.  Suppose  a  man's  height, 
of  70  inches,  covers  1  inch  of  the  rule.     He  is  then  70  times  as  far 

'  Abnrac,  on  a  walk,  averages  330  feet  per  iniDiile,  on  a  trot  650,  and  on  scorn 
mon  gallop  lOJO.     For  longer  dmeB,  the  difference  in  horaes  ia  more  uppsirezit 
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from  tte  eye  as  the  rvile ;  and  if  its  distaneu  be  2  feet,  that  of  the 
man  is  140  feet.  Instead  of  a  man's  height,  that  of  an  ordinary 
house,  of  an  apple-tree,  the  length  of  a  fenee-rail,  &e.,  may  be 
be  taken  as  the  standard  of  comparison. 

To  keep  the  arm  immovable,  tie  a  string  of  known  length  to  tlie 
pencil,  and  hold  between  tlic  teeth  a  knot  tied  at  the  otlier  end  of 
tlie  string. 


(483)  Distances  by  visl&ilily.  Tlie  degree  of  visibility  of  vari- 
ous well-known  objects  will  indicate  approximately  how  far  distant 
they  are.  Thus,  by  ordinary  eyes,  the  windows  of  a  large  house 
can  be  counted  at  a  distance  of  about  13000  feet,  or  2^  miles ; 
men  and  horses  will  be  perceived  as  points  at  about  half  that  dis- 
tance, or  1^  miles ;  a  horse  can  be  clearly  distinguished  at  about 
4000  feet ;  the  movements  of  men  at  2600  feet,  or  half  a  mile ; 
and  the  head  of  a  man,  occasionally,  at  2300  feet,  and  very  plainly 
at  1300  feet,  or  a  quarter  of  a  mile.  The  Arabs  of  Algeria  define 
a  mile  as  "  the  distance  at  which  you  can  no  longer  distinguish  a 
man  from  a  woman."  These  distances  of  visibility  will  of  course 
vary  somewhat  with  the  state  of  the  atmosphere,  and  still  more  with 
individual  acuteness  of  sight,  but  each  person  should  make  a  eorre 
sponding  scale  for  himself. 

(MS)  Distances  by  sound.  Sound  passes  through  the  air  i«th 
a  moderate  and  knoivn  velocity ;  light  passes  almost  instantaneously. 
If,  then,  two  distant  points  be  visible  from  each  other,  and  a  gun 
be  fired  at  night  from  one  of  them,  an  observer  at  the  other,  noting 
by  a  stop-watch  tbe  time  at  which  the  flash  is  seen,  and  then  that 
at  which  the  report  is  heard,  can  tell  by  the  intervening  number  of 
fleoonds  how  far  apart  the  points  are,  knowing  how  far  sound  travels 
in  a  second.  Sound  moves  about  1090  feet  per  second  in  dry  air, 
with  the  temperature  at  the  freezing  point,  32°  Fahrenheit.  Por 
higher  or  lower  temperatures  add  or  subtract  1^  foot  for  each  degree 
of  Fahrenheit:  If  a  wind  blows  with  or  against  the  movement  of 
tlie  sound,  ita  velocity  mi:st  be  added  or  subtracted.  If  it  hlowa 
obliquely,  the  correction  will  evidently  equal  its  velocity  multiplied 
by  the  cosine  of  the  angle  which  the  direction  of  the  wind  makes 
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with  tlie  direction  of  the  sound.'  If  the  ^n  be  fired  at  each  end 
of  the  base  in  tnm,  and  the  means  of  the  times  taken,  the  effect  of 
the  wind  wil)  he  eliminateit. 

If  a  watch  is  not  at  hand,  suspend  a  pebble  to  a  string  (such  aa 
a  thread  drawn  from  a  handkerchief)  and  count  its  vibrations.  If 
it  be  39  J  inehea  long,  it  will  vibrate  in  one  second ;  if  9|  inches 
long,  in  half  a  second,  &c.  If  its  length  is  unknown  at  the  time, 
Btill  count  its  vibrations ;   measure  it  subsequently ;   and  then  will 

the  time  of  its  vibration,  in  seconds,  =  v/l— "  om^  ""^ )  ■ 

(Ifil)  AngJeSt  night  angles  are  those  most  frequently  required 
in  this  kind  of  survey,  and  they  can  be  estimated  by  the  eye  with 
much  accuracy.  If  other  angjes  are  desired,  they  will  be  deter- 
mined by  measuring  equal  distances  along  the  lines  which  make  the 
angle,  and  then  the  line,  or  chord,  joining  the  ends  of  these  distan 
cea,  thus  forming  chain  angles,  explained  in  Art.  (BSSO). 

(463)  Mctliods  of  ft[ierati«!l.  The  "  First  Method"  of  deter 
mining  the  position  of  a  point.  Art.  (3),  is  the  one  most  generally 
applicable.  Some  line,  as  AB  in  Fig.  1,  is  paced,  or  otherwise 
measured,  and  then  the  lines  AS  and  BS  ;  the  point  S  is  thus  de 
termined. 

The  "  Second  Method,"  Art,  (6),  is  also  much  employed,  the 
right  angles  being  obtained  by  eye,  or  by  the  easy  methods  given 
in  Part  II,  Chapter  V,  Arts,  (140),  &c.  It  is  used  for  offsets,  aa 
m  Pai-t  n.  Chapter  III,  Arts.  (iU),  &c. 

The  "  Tlnrd  Method,"  Art,  (7),  may  also  be  used,  the  angles 
being  determined  as  in  Art.  (46S). 

The  "Fourth  Method,"  Art.  (8),  may  also  be  employed,  the 
angles  being  amilarly  determined. 

The  "  Fifth  Method,"  Art.  (!0),  would  seldom  be  used,  unless 
by  making  an  extempore  plane-table,  and  proceedmg  as  directed 
in  the  last  paragraph  of  Art.  (457). 


•  A  gentle,  [ilea 

isant  wind  haa  a  velocily  of 

10  f« 

'I  per  BEconii;  i 

i  hnsk  gale 

20  feet  per  seoorc 

i  (  a.  veiy  liviafc  gale  30  feet ; 

a  his 

h  wimiSOfeat; 

averyfiigh 

«-ini3  70feet;  a  E 

lorm  ov  tempest  80  feet ;  a  f 

slovm   100  feel ; 

t.  htiiTicale 

120  feel  -.  and  a  v: 

iolenl  Imi-iktine,  tliat  tears  up 

tl-eOB, 

&c.,  150  k-n  pi 

'.V  seeoiiil 
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Tiie  method  referred  to  in  Art,  (11)  may  also  be  emplojed. 

When  a  sketch  has  made  some  progress,  new  points  may  1>^ 
fixed  on  it  by  their  beiag  in  hno  with  others  already  determined. 

All  these  methods  of  operation  are  shown  in  the  following  figiir- 
A.B  ia  a  line  paced,  or  otherwise  measured  approximately. 


The  hill  C  is  determmed  by  the  first  method.  The  mei  on  the 
other  side  of  AB  is  determined  by  oJfeeta  aeeoiding  to  the 
Second  Method.  The  house  D  is  determined  by  the  Third  Method, 
EEF  being  a  chain  angle.  The  honse  G  is  determined  by  the 
Fourth  Method,  chain  angles  being  measured  at  E  and  H,  a  point 
in  AB  prolonged.  The  pond  K  is  determmed,  as  in  Art.  (11),  by 
the  intersection  of  the  ahnements  CD  and  GH  prolonged.  The 
bend  of  the  river  at  L  ia  determined  by  its  distance  from  H  in 
the  line  of  AH  prolonged.  A  new  base  line,  HM,  is  fixed  by  a  chain 
angle  at  H,  and  employed  like  the  former  one  so  as  to  fix  the  hill 
at  N,  &e.  AH  these  methods  may  thus  be  used  collectively  and 
successively.  The  necessary  lines  may  always  be  ranged  with 
rodsj  as  directed  in  Art.  (169),  and  very  many  of  the  instrumental 
methods  already  explained,  may  be  practiced  with  extempore  coit- 
trivances.  The  use  of  the  Plane-table  is  an  admirable  prepara- 
tion for  this  style  of  surveying  or  sketching,  which  is  most  fre- 
quently employed  by  Military  Engineers,  though  they  generally 
use  a  prismatic  Compass,  or  pocket  Sextant,  and  a  sketching  case, 
which  may  serve  as  a  Plane-table. 
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MAPPING. 


COPYiSG  PLA1 S. 
(466)  The  Flat  of  a  survey  necesaarily  has  many  lines  of  consti'uo 
tion  drawn  upun  it,  which  are  not  needed  in  the  finished  map 
These  lines,  and  the  marks  of  instruments,  so  disfigure  the  papei 
that  a  fair  copy  of  the  plat  is  usually  made  before  tlie  map  is 
finished.  The  various  methods  of  coping  plats,  &o.,  whoihor  on 
the  same  scale,  or  roduced  or  enlarged,  will  therefore  now  be 
described. 

(4E7)  Sii'Ctcliillg  tlie  paper.  If  the  map  is  to  be  colored,  the 
paper  must  first  be  wetted  and  stretched,  or  the  apphcafion  of  the 
wet  colors  will  cause  its  surface  to  swell  or  blister  and  become  uneven. 
Therefore,  with  a  soft  sponge  and  clean  water  wet  the  back  of  the 
paper,  working  from  the  centre  outward  in  aU  directions.  The 
"water-mark"  reads  con-ectly  only  when  looked  at  from  the  front 
side,  which  it  thus  dislinguishea.  "WTien  the  paper  is  thoroughly 
wet  and  thus  greatly  expanded,  glue  its  edges  to  the  drawing  board, 
for  half  an  inch  in  width,  turning  them  up  against  a  ruler,  passmg 
the  glue  along  them,  and  then  turning  them  down  and  pressing 
them  with  the  ruler.  Some  prefer  gluing  down  opposite  edges  in 
Euccession,  and  others  adjoining  edges.  The  paper  must  be  mode 
rately  stretched  smooth  during  the  process.  Hot  glue  is  best. 
Paste  or  gum  may  be  used,  if  the  paper  be  kept  wet  hy  a  damp 
(loUi,  80  that  the  edges  may  dry  first.     "  Mouth-glue  "  may  bo  used 
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by  rubbing  it  (moistened  in  the  mouth  or  in  boiling  water)  along  tlie 
turned  up  edges,  and  then  rubbing  them  dry  bj  an  ivorj  folder,  a 
piece  of  dry  paper  being  interposed.  As  this  is  a,  slower  process, 
tlie  middle  of  each  side  should  first  be  fastened  down,  then  the  four 
angles,  and  lastly  the  intermediate  portions.  When  tlie  paper 
becomes  dry,  the  creases  and  puckeringa  will  have  disappeared, 
and  it  will  be  as  smooth  and  tight  as  a  drum-head. 


(468)  Copying  by  tracing.  Kx  a  large  pane  of  clear  glass  in 
a  frame,  so  that  it  can  be  supported  at  any  angle  before  a  window, 
or,  at  night,  in  front  of  a  lamp.  Place  tlie  plat  to  be  copied  on 
this  glass,  and  the  clean  paper  upon  it.  Connect  them  by  pins, 
&c.  Trace  all  the  desired  lines  of  the  original  with  a  sharp  pencil, 
as  lightly  as  they  can  be  easily  seen.  Take  cai'e  that  the  paper 
does  not  slip.  If  the  plat  is  larger  than  tlie  glass,  copy  its  parts 
successively,  being  very  careful  to  fix  each  part  iu  its  true  relative 
position.  Ink  the  lines  with  India  ink,  making  them  very  fine  and 
pale,  if  ihe  map  is  to  be  afterwards  colored. 

(4fi9)  Copying  OH  fracii^  paper,  A  thin  transparent  paper  ia 
prepared  expressly  for  the  purpose  of  making  copies  of  maps  and 
drawings,  but  it  is  too  delicate  for  much  handling.  It  may  be  pre- 
pared by  soaking  tissue  paper  in  a  mixture  of  turpentine  and 
Canada  balsam  or  baham  of  fir  (two  parts  of  tlie  former  to  one  of 
the  latter),  and  drying  very  slowly.  Cold  draivn  linseed  oil  will 
answer  tolerably,  the  sheets  being  hung  up  for  some  weeks  to  dry. 
linen  is  also  similarly  prepared,  and  sold  under  the  name  of 
"  Vellum  tracing  paper."  It  is  less  transparent  than  the  tracing 
paper,  but  is  very  strong  and  durable.  Both  of  these  are  used 
rather  for  presening  duplicates  than  for  finished  maps. 


(470)  Copyiug  by  transfer  paper.  This  is  thm  paper,  one  side 
of  which  is  rubbed  with  blaeklead,  &c.,  smoothly  spread  by  cotton. 
It  is  laid  on  the  clean  paper,  the  blackened  side  downward,  and 
the  plat  is  placed  upon  it.  All  the  lines  of  the  plat  are  then  gono 
over  with  moderate  pressure  by  a  blunt  point,  such  as  the  eye-end 
)f  a  email  needle,     A  faint  tracingof  these  lines  will  then  be  found 
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on  the  clean  paper,  and  can  be  inked  at  leisure.  If  tlie  original 
C!;nnot  be  thus  treated,  Jt  may  first  be  copied  on  tracing  paper, 
and  this  copy  he  thus  transferred.  If  the  transfer  paper  be  pre- 
pared by  nibbing  it  with  lampblack  ground  up  -with  hard  soap,  its 
lines  will  be  ineffaceable.     It  is  then  called  "  Camp-paper." 

(471)  Copying  by  punctures.  Tix  the  cleaa  paper  on  a  draw- 
ing board  and  the  plat  over  it.  Prepare  a  fine  needle  with  a  seal- 
mg-wax  head.  Hold  ifc  rery  truly  perpendicular  to  the  board,  and 
prick  through  every  angle  of  the  plat,  and  every  corner  and  inter- 
section of  its  other  lines,  such  as  houses,  fences,  &c.,  or  at  least 
the  two  ends  of  every  line.  Eor  circles,  the  centre  and  one  point 
of  the  circumference  are  sufficient.  For  irregular  curves,  such  as 
rivers,  &c.,  enough  points  must  be  pricked  to  indicate  all  their 
sinuosities.  Work  with  system,  finishing  up  one  Strip  at  a  time, 
eo  as  not  to  omit  any  necessary  points  nor  to  prick  through  any 
twice,  though  the  latter  is  safer.  When  completed,  remove  the 
plat.  The  copy  will  present  a  wilderness  of  fine  points.  Select 
those  which  deternune  the  leading  lines,  and  then  the  rest  will  be 
easily  recognized.  A  beginner  should  first  pencil  the  fines  lightly, 
and  then  ink  them.  An  experienced  draftsman  wiil  omit  the  pen- 
cilling. Two  or  three  copies  may  be  thus  pricked  through  at  once. 
The  holes  in  the  original  plat  may  be  made  nearly  invisible  by 
rubbing  them  on  the  back  of  the  sheet  with  a  papei'-folder,  or  the 
thumb  nail. 

(.412)  Copying  by  intcrseciloBS.  Draw  a  fine  on  the  clean  paper 
equal  in  length  to  some  important  line  of  the  original.  Two  start- 
mg  points  aie  thus  obtained  Tale  m  the  dividers  the  distance 
fiom  one  enl  of  the  line  tn  the  oiiginal  to  a  third  point.  J^'rom 
the  conesponding  enl  on  tho  cipv,  describe  an  arc  with  this  dis- 
tance for  radius  and  about  where  the  point  will  come.  Take  the 
distance  on  the  original  from  the  othei  end  of  the  line  to  the  point, 
and  descuhe  a  corieiponding  arc  on  the  copy  to  intersect  the 
former  aic  in  i  point  which  ^ull  be  that  desired.  The  principle 
of  the  operition  is  that  of  our  "  Fint  Method,"  Art.  (5).  Two 
miis    f  di\il"ii  i^iy  bt;  used  i'.  c\ilained  in  Art.  (9D).     "  Tri- 
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angdar  compasses,"  haying  three  legs,  are  used  by  fixing  two  of 
their  legs  on  the  two  given  points  of  the  originalj  and  the  third  leg 
on  the  point  to  be  copied,  and  then  transferring  them  to  the  copy. 
All  the  points  of  the  origmal  can  thus  he  accurately  reproduced. 
The  operation  is  however  very  slow.  Only  the  chief  points  of  a 
plat  may  be  thus  transferred,  and  the  details  filled  in  by  the  fol- 
lowing method. 

(J73)  Copying  by  squaresi  On  the  original  plat  draw  a  series 
of  parallel  aiid  equidistant  lines.  The  T  square  does  this  moat 
readily.  Draw  a  similar  series  at  right  angles  to  these.  The  plat 
will  then  be  covered  with  squares,  as  in  Fig.  S8,  page  48.  On 
the  clean  paper  draw  a  similar  series  of  squares.  The  important 
pouats  may  now  be  fixed  as  in  the  last  article,  and  the  rest  copied 
by  eye,  all  the  points  in  each  square  of  the  original  being  properly 
placed  in  the  correaponding  square  of  the  copy,  noidcing  whether 
they  are  near  the  top  or  bottom  of  each  square,  on  its  right  or  left 
side,  &c.  This  method  is  rapid,  and  in  skilful  bands  quite  accu- 
rate. 

Instead  of  drawing  lines  on  the  ori^nal,  a  sheet  of  transparent 
paper  containing  them  may  be  placed  over  it ;  or  an  open  frame 
with  threads  stretched  across  it  at  et[ual  distances  and  at  right 
angles. 

This  method  supplies  a  transition  to  the  Meduation  and  Enlarge- 
ment of  plats  in  any  desired  ratio ;  under  which  V^^^Copyinghy 
the  Pantagraph  and  Camera  Lucida  wiU  be  noticed. 


(4J4)  Ectluciiig:  by  s<jaares.  Begin,  as  in  the  preceding  article, 
by  drawing  squares  on  the  original,  or  placing  them  over  it.  Then 
on  the  clean  paper  draw  a  similar  set  of  squares,  but  with  their 
sides  one-half,  one  third,  &c.,  (according  to  the  desired  reduction), 
of  those  of  the  original  plat.  Then  proceed  as  before  to  copy  into 
each  small  square  all  the  points  and  lines  found  in  the  large  square 
of  the  plat  in  their  true  positions  relative  to  the  sides  and  corners 
of  the  square,  observing  to  reduce  each  distance,  hy  eye  or  aa 
directed  in  the  following  article,  in  the  given  ratio. 
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(475)  Epsluciaj  by  propoi'liDnal  scales<  Many  grapliieal  me- 
thods of  finiliiig  the  proportionate  length  on  the  copy,  of  any  line  of 
the  original,  may  be  used.  Thi 
stracted  thus.  Draw  any  lino 
AE.  With  it  for  i-adlua  and  A 
for  centre,  de^erite  an  mdefinite 
arc.  With  B  for  centre  and  a 
radius  equal  to  one-half,  oue-third, 
£e.,  of  AB  according  to  the  de- 
sired reduction  describe  another 
arc  intersecting  the  former  arc  in  0.  Join  AC.  From  A  as 
centre  describe  a  aeries  of  arcs.  Now  to  reduce  any  distance, 
take  it  in  the  dividers,  and  set  it  off  from  A  on  AB,  as  to  D.  Then 
the  distance  from  D  to  E,  the  other  end  of  the  arc  passing  through 
D,  will  be  the  proportionate  length  to  be  set  off  on  the  copy,  in  the 
manner  directed  in  Art.  (472). 

The  Sector,  or  "  Compass  of  proportion,"  described  in  Art.  (52), 
presents  such  an  "Angle  of  reduction,"  always  ready  to  be  used 
in  this  manner. 

The  "Angle  of  reduction"  may  be  simplified 
thus.  Draw  a  line,  AB,  parallel  to  one  side 
of  the  drawing  board,  and  another,  BC,  at  right 
angles  to  it,  and  one-half,  &c.,  of  it,  as  desired. 
Join  AC.  Then  let  AD  be  the  distance  re- 
quired to  be  reduced.  Apply  a  T  square  so  ' 
as  to  pass  through  D.  It  will  meet  AC  in 
some  point  E,  and  DE  will  be  tho  reduced 
length  required. 

Another  arrangement  for  the  same  object  is  shoira  in  Tig.  317. 
Draw  tivo  lines,  AB,  AC,  at  any  angle,  and  de-  rig-  3i7. 

scribe  a  series  of  arcs  from  their  intersection,  A, 
as  in  the  figure.  Suppose  the  reduced  scale  is  to  , 
be  half  the  original  scale.  Divide  the  outermost 
arc  into  three  equal  parts,  and  draw  a  line  from 
A  to  one  of  the  points  of  division,  as  D.  Then 
eO'Jh  arc  will  be  divided  into  parts,  one  of  which 
is  twice  the  other.  Take  any  distance  on  the  oii- 
ginal  scale,  and  find  by  trial  which  of  the  ares  on 


Fig.  316 
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the  right  hand  side  of  the  figure  it  corresponds  to.     The  other  part 
of  that  arc  tvLII  be  half  of  it,  as  desired. 

"Proportional  compasses,"  being  properly  set,  reduce  lines  in 
any  desired  ratio.  A  simple  form  of  them,  known  as  "  Wholes 
and  halves,"  ia  often  useful.  Itconsistsof  two  slencier  bars,  pointed 
at  each  end,  and  united  by  a  pivot  iv'hich  is  tivice  as  far  from 
one  pair  of  the  points  as  from  the  other  pair.  'Ihe  long  ends  being 
Bet  to  any  distance,  the  short  ends  will  give  precisely  half  that  dis- 
tance. 


(476)  lleducillg  l)y  a  pautagrapSl.  This  itistrament  consists  of 
two  long  and  two  short  rulers,  connected  so  as  to  form  a  parallel© 
gram,  and  capable  of  beiug  so  adjusted  that  when  a  tracing  point 
attached  to  it  is  moved  over  the  lines  of  a  map,  &c.,  a  pencil 
attached  to  another  part  of  it  will  mark  on  paper  a  precise  copy, 
reduced  on  any  scale  desired.  It  m  made  in  various  forms.  It  is 
troublesome  to  use,  though  rapid  in  its  work. 


(471)  Bciiucin^  hy  a  camera  ludda.  This  is  used  in  the  Coast 
Survey  OfBoe.  It  cannot  reduce  smaller  than  one-fourth,  without 
losing  distinctness,  and  is  very  trying  to  the  eyes.  Squares  drawn 
on  the  original  are  brought  to  apparently  coincide  with  squares  on 
the  reduction,  and  the  details  are  then  filled  in  with  the  pencil,  as 
seen  thr_u<,h  the  piism  of  the  instrument. 

(478)  Enlargilig  plais>  Plata  may  be  enlarged  by  tlie  princi- 
pal methods  which  have  been  given  for  reducing  them,  but  this 
should  be  done  as  seldom  as  possible,  since  every  inaccui  acy  in  the 
original  becomes  magnified  in  the  copy.  It  is  better  to  make  a 
new  plat  from  the  ori^al  data. 


Hosted  by 


Google 


CHAPTER  II. 


tONVESTIOfllAL  SIfe\8. 
(4J!1)  Various  conventional  signs  or  marks  liave  been  adopted, 
more  or  less  generally,  to  represent  on  maps  the  inequalities  of  tlia 
surface  of  the  ground,  its  different  kinds  of  culture  or  natural  pro- 
ducts, and  the  objects  upon  it,  so  as  not  to  encumber  and  disfigure 
it  with  much  writing  or  many  descriptive  legends.  This  is  tho 
purpose  of  what  is  called  To'pogra^'himl  Mapping. 

(480)  Tiie  relief  ©f  ground.  The  inequalities  of  the  surSice 
of  the  earth,  its  elevations  and  depressions,  its  hills  and  hollows, 
constitute  its  "  Relief."  Tho  representation  of  this  is  sometimes 
called  "  Hill  drawing."  Its  difBculty  arises  from  our  being  accus- 
tomed to  see  hills  sideways,  or  "  in  elevation,"  while  tliey  must 
be  represented  as  they  would  be  seen  from  above,  or  "  in  plan." 
Various  modes  of  thus  drawing  them  are  used ;  their  positions  being 
laid  down  in  pencil  as  previously  sketched  by  eye  or  measured. 

If  light  be  supposed  to  fall  vertically,  the  slopes  of  the  ground  will 
receive  less  light  in  proportion  to  their  steepness.  The  relief  of 
ground  will  be  indicated  on  this  principle  by  making  tho  steep 
slopes  very  dark,  the  gentler  inclinations  less  so,  and  leaving  the 
level  surfaces  white.  The  shades  may  he  produced  by  tints  of 
India  ink  applied  with  a  brush,  their  edges,  at  the  top  and  i^ottoia 
of  a  hill  or  ridge,  being  softened  off  with  a  clean  brush. 

If  hght  he  supposed  to  fall  obliquely,  the  slopes  facbg  it  will  bo 
light,  and  thtrae  turned  from  it  dark.  This  mode  is  eEFective,  but 
not  precise.  In  it  the  light  is  usually  supposed  to  como  from  the 
upper  left  hand  comer  of  the  map. 

Horisontal  contour  lines  are  however  the  best  convention  for 
this  purpose.  Imagine  a  hill  to  be  shced  off  hy  a  number  of  equi- 
distant horizontal  planes,  and  their  intersections  with  it  to  he  drawu 
as  they  would  be  seen  from  above,  or  horizontally  projected  on  tlia 
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map.  These  are  "  Contour  lines."  They  are  the  same  lines  aa 
would  be  formed  by  water  surrounding  the  hill,  and  rising  one  foot 
at  a  time  (or  any  otlier  height)  till  it  reached  the  top  of  the  hill. 
The  edge  of  tho  water,  or  its  shore,  at  each  successive  rise,  ivoiild 
be  one  of  those  horizontal  contour  lines.  It  ia  plain  tliat  their 
nearness  or  distance  on  the  map  would  indicate  the  steepness  or 
gentleness  of  the  slopes.  A  right  cone  would  thus  be  repre- 
Fig.  3IS.  Fig.  319.  Fig,  320. 


sented  by  a  series  of  concentric  circles,  as  in  Tig.  SIS ;  an  oblique 
cone  by  circles  not  concentric,  but  nearer  to  each  other  on  the  steep 
side  than  on  the  other,  as  in  Jig.  319  ;  and  a  half-egg,  somewhat 
as  in  Fig.  320. 

Vertical  sections,  perpendicular  to  these  contour  lines,  are 
usually  combined  witli  them.  They  are  the  "  Lmes  of  greatest 
slope,"  ind  may  be  supposed  to  represent  water  running  doira  the 
Bides  of  tl  0  hill  They  aie  ilso  ma  le  thicker  ind  nearei  together 
on  the  steepei  slopes  to  proluco  the  efiect  leitnredbv  the  conTon 
tion  of  veitical  light  ^ 

already  referied  to 
The  mii^inal  figure 
shews  an  elongated 
half-egg  or  ovil  hill 
thus  lepiesented 

The  spaces  between       '^^'"'/lif^WJfB 
the  rows   of  vertical  ^/m'lMiil  \\ 

"Hatchings"  indicate 
the  contour  lines,  which  aie  not  ictually  drtwi  TI  e  beiuty  of 
the  graphical  executkn  of  this  work  dej ends  en  tie  inifurmitj  of 
tlie  strokes  representing  uniform  slopes,  on  their  perfectly  regular 
gradation  in  thickness  and  nearness  for  varying  slopes,  and  on 
their  bcmg  made  precisely  at  right  angles  to  the  contour  linea 
between  which  they  are  situated. 
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The  methods  of  determining  the  contour  lines  are  applicationa 
of  Levelling,  and  will  therefore  be  postponed,  togetlier  with  the 
farther  details  of  "  Hill-di-awing,"  to  the  voltinie  treating  of  that 
subject,  which  is  announced  in  the  Preface. 

(481)  Signs  for  natural  surface.  Sand  is  represented  by  ilne 
dota  made  with  the  point  of  the  pen ;  gravel  by  coarser  dots. 
Rocks  are  drawn  in  their  proper  places  in  irregular  angular  forma, 
imitating  their  true  appearance  as  seen  from  above.  The  nature 
of  the  rocks,  or  the  (reoUgy  of  the  country,  may  he  shown  "by  apply- 
ing the  proper  colors,  as  agreed  on  hy  geologists,  to  the  back  of 
the  map,  so  that  they  may  be  seen  by  holding  it  up  against  the 
light,  ivbile  they  will  thus  not  confuse  the  i.isual  details. 


(482)  Signs  foi-  regetatiou.  Woods  are 
loped  circles,  irregularly  disposed, 
imitating  trees  seen  "  in  plan,"  and  ^^  ^^^ 
closer  or  farther  apart  according  to  ■'''^''^  "-  ^ 
the  tbiekneaa  of  the  forest.  It  is 
usual  to  shade  their  lower  and  right  *;vi:^^to3 
hand  sides  and  to  represent  their  w'^^'  ^^ 
shadows,  as  in  the  figure,  though,  in  strictness,  tbis  i 
with  the  hypothesis  of  vertical  light,  adopted  for  "  bill-drawing." 
For  pine  and  shnilar  forests,  the  signs  may  have  a  star-like  form, 
as  on  the  right  hand  side  of  the  figure.  Trees  are  sometimes 
drawn  "  in  elevation,"  or  sideways,  as  usually  seen.  This  makes 
them  more  easily  recognized,  but  is  in  utter  violation  of  the  princi- 
ples of  mapping  in  horizontal  projection,  though  it  may  be  defended 
as  a  pure  convention.  Orchards  are  represented  hy  trees  arrang- 
ed m  rows.     Bushes  may  be  drawn  like  trees,  but  smaller. 

GrasH-land  is  drawn  with  irregularly  Fig,  323. 

scattered  groups  of  short  lines,  as  in  tlie  -^'^-«^^]^>^^"-  yyv 
figure,  the  lines  being  arr&jiged  in  odd  2"^?^^"^^"^  vifv 
uumbers,  and  so  that  the  top  of  each  group  ia  ^"'ji".-'*;;^^^.^^  ^  Jjj' 
convex  and  its  bottom  horizontal  or  parallel  *%^'-;^^,^?Jft:^|^^>''^ 
to  the  base  of  the  drawing.  Meadows  are  a™^.'^-»«r'--^j«»  '^ 
sometimes  represented  by  pairs  of  diverging  lines,  (as  on  the  righl 
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of  tke  figure),  wHch  may  be  regarded  as  tall  blades  of  grass. 
Uneultivated  land  is  iEcHcated  by  appropriately  intermingling  the 
signs  for  grass  land,  busbea,  sand  and  rocka.     Cultivated  land  ia 

shown  by  parallel  rows  of  broken  and  dotted  pS:??A", 

lines,  as  ia  the  figure,  representing  furrows. 
Ch-o]}s  are  so  temporary  that  signa  for  them 
unnecessary,  though  often  used.     They  are 
ally  iimtative,  as  for  cotton,  sugar,  tobacco,  rice, 
vines,  hops,  &c.     Q-ardens  are  drawn  ivith  cir- 
cular and  other  beds  and  walka. 


:■■ 


(483)  Signs  far  w.il«i".  -he  Sea-coast  is  i-epresented  by  draw- 
ing a  line  parallel  to  the  shore,  following  all  its  windings  and  inden- 
tations, and  &s  close  to  it  as  possible,  then  another  parallel  line  a 
little  more  distant,  then  a  third  still  more  distant,  and  so.  on. 
Examples  are  seen  in  figures  287,  &c.  If  these  linea  are  drawn 
from  the  low  tide  mark,  a  similar  set  may  be  draivn  between  that 
and  the  high  tide  mark,  and  dots,  for  saad,  be  made  over  the 
included  space.  lUvers  have  each  shore  treated  like  tiie  sea 
shore,  as  in  the  figures  of  Part  VII.*  Sroohs  would  be  shown  by 
only  two  lines,  or  one,  according  to  their  magnitude.     Ponds  may 

be  drawn  lite  sea  ehorea,  or  represented  by  Fig.  sas. 

parallel  honaontal  lines  ruled  across  them.  ]^^ 
3Iarshes  and  Swamps  are  represented  by  an  - 
iiTGgular  intermingling    of   the    preceding  ; 
sign  with  that  for  grass  and  bushes,  as  in  liie 


(ISi)  Colored  TopograI»!iy.  The  conventional  signs  which  have 
been  described,  as  made  with  the  pen,  require  much  time  and 
labor.  Colors  are  generally  used  by  the  French  as  substitutes  for 
them,  and  combine  the  advantages  of  great  rapidity  and  effective- 
ness. Only  thi-ee  colors  (besides  India  ink)  are  required ;  viz. 
O-amboge  (yellow),  IiuUgo  (blue),  and  Lahe  (pink).  Sepia, 
Durnt  Sienna,  Yellow  ochre.  Red  lead,  and  Vermillion,  are  also 
sometimes  used.     Tlie  last  three  are  difficult  to  work  witii.     Tc 
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Qse  these  paints,  inoisten  the  end  of  a  cake  and  rub  it  up  -with  » 
drop  of  water,  afterwards  dilalang  this  to  tlie  proper  tint,  wliich 
should  always  be  light  and  delicate.  To  cover  any  surface  witli 
a  uniform  flat  Imt,  use  a  large  camel's  hair  or  sable  brush,  keep  it 
always  moderately  full,  incline  the  board  towards  you,  previously 
mobtem  the  paper  with  clean  water  if  the  outline  is  very  irregular, 
begin  at  the  top  of  the  surface,  apply  a  tint  across  the  upper  part, 
and  continue  it  downwards,  never  letting  the  edge  dry.  This  !aat 
is  the  secret  of  a  smooth  tint.  It  recjuires  rapidity  in  returning  to 
the  beginning  of  a  tint  to  continue  it,  and  dexterity  in  following  the 
outline.  Marbling,  or  variegation,  is  produced  by  having  a  brush 
at  each  end  of  a  stick,  one  for  each  color,  and  applying  first  one, 
and  then  the  other  beside  it  before  it  dries,  so  that  they  may  blend 
but  not  mix,  and  produce  an  irregularly  clouded  appearance. 
Scratched  pai'ts  of  the  paper  may  be  painted  over  by  first  applying 
strong  alum  water  to  the  place. 

The  conventions  for  colored  Topography,  adopted  by  the  French 
Military  Engineers,  are  as  follows.  WoODS,  ^elhw ;  using  gam- 
boge and  a  very  little  indigo.  Grass-lakd,  green;  made  of 
gamboge  and  indigo.  Cultivated  land,  brown;  lake,  gamboge, 
and  a  little  India  ink.  "  Burnt  Sienna"  will  answer.  Adjoining 
fields  should  be  slightly  vai-ied  in  tint.  Sometimes  fuiTOws  are 
Indicated  by  strips  of  various  colors.  Gardess  are  represented 
by  small  rectangular  patches  of  brighter  green  and  brown.  Un- 
cultivated land,  marbled  ffreen  and  light  brown.  Brush, 
BRAMBLES,  kc,  marbled  gj-een  and  yellow,  Heath,  foezb,  &c., 
marbled  ^em  and  ^jiA,  YmmASna,  purple  ;  lake  and  indigo. 
Sands,  a  light  brotvn;  gamboge  and  lake.  "Yellow  ochre"  ■will 
3o.  Lakes  and  rivees,  light  blue,  with  a  darker  tint  on  their 
upper  and  left  hand  sides.  Seas,  dark  blue,  with  a  httle  yellow 
added.  Maeshbs,  the  Uue  of  water,  witli  spots  of  grass  green,  the 
touches  all  lying  horizontally.  Roadb,  broivn  ;  between  the  tints 
for  sand  and  cultivated  ground,  with  more  India  ink.  Hills, 
ffrsenish  broiun ;  gamboge,  indigo,  lake  and  India  ink,  instead  of 
the  pure  India  ink,  directed  in  Art.  (480).  Woods  may  be 
finished  up  by  drawhig  the  trees  as  in  Art.  (482)  and  coloring 
them  green,  with  touches  of  gamboge  towards  the  light  (the  uppei 
and  left  hand  side)  and  of  indigo  on  the  opposite  side. 
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(485J  Signs  for  tictaclied  olejecls.  Too  great  a  number  of  those 
will  cau3e  confusion.  A  few  leading  ones  will  be  given,  the  mean- 
ings of  which  are  apparent. 

Figs. 


Court  house, 

^  3^«' 

Wind  mill, 

«X334. 

Post  office, 

m  3='- 

Steam  mill. 

^335. 

Tcmem, 

^3.S. 

Furnace, 

^    33fi 

Blacksmith's  shop, 

&    35D. 

Woollen  factoi-y, 

#3ST. 

Guide  hoard, 

t       3^11. 

Cotton  factory. 

#338. 

Quarry, 

X      331. 

Glass  works. 

A  339 

Grist  mill, 

0      332. 

Church, 

^    340, 

Sawmill,  ^   333.  Graveyard^       -jXL.34i. 

An  ordinary  house  m  drawn  in  its  true  position  and  size,  and  the 
ridge  of  its  roof  shown  if  the  scale  of  the  map  is  large  enough. 
On  a  very  small  scale,  a  small  shaded  rectangle  represents  it.  If 
colors  aro  used,  holdings  of  masonry  are  tinted  a  deep  crimson, 
(witli  lake),  and  those  of  wood  with  India  ink.  Their  lower  and 
right  hand  sidea  are  drawn  with  heavier  lines.  Fences  of  stone  or 
wood,  and  hedges,  may  he  drawn  in  imitation  of  the  realities ;  and, 
if  desired,  colored  appropriately. 

Mines  may  be  represented  by  the  signs  of  the  planets  which 
were  anciently  a^ociated  with  the  Yarious  naetals.  The  signs  here 
given  represent  respectively, 

Gold,     Silver,     Iron,     Copper,     Tin,     Lead,     Quicksilver. 

©        D       3        ¥       if      ^  a 

A.  large  black  circle,  ®  ,  may  be  used  for  Coal. 

Bo-imdary  lines,  of  private  properties,  of  townships,  of  counties, 
and  of  states,  may  be  indicated  hy  lines  farmed  of  various  combi- 
nations of  short  lines,  dots  and  crosses,  as  below." 


+  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 

'  Veiy  rainule  direcliona  for  Ihe  execution  of  the  tlelnils  described  in  ihis  chap 
IBT,  are  given  in  Lieut.  R.  S.  Smitli's  "  Topogi'apliical  Drawin  -  "     ""  ' 
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(486)  Orientation.  The  map  is  usually  so  di-imn  that  tho  top 
of  the  paper  may  represent  tho  North.  A  Meridian  line  should 
also  he  drawn,  both  True  and  Magnetic,  as  ia  Fig.  199,  page  189. 
The  numher  of  degrees  and  minutes  in  the  Variation,  if  known, 
should  also  be  placed  between  the  two  North  points.  Sometimes 
a  compass-star  is  drawn  and  made  very  ornamentai. 

(187)  Ijctlei'ing.  The  style  in  which  thia  is  done  very  much 
affects  the  general  appearance  of  the  map.  The  young  surveyor 
should  give  it  much  attention  and  careful  practice.  It  must  all  be 
in  imitation  of  the  best  printed  models.  No  writing,  however 
beautiful,  is  admissible.  The  usual  letters  are  the  ordinary 
ROMAN  CAPITALS,  Small  Homan,  ITALIC  CAPITALS, 
Small ltalio,md  GOT H\C  OR  EGYPTIAN.  Tliislast, 
■when  well  done,  is  very  effective.  For  the  Titles  of  maps,  various 
fancy  letters  may  be  used.  For  very  large  letters,  those  formed 
only  of  the  shades  of  the  letters  regarded  as  blocks  (the  body  being 
rubbed  out  after  being  pencilled  aa  a  guide  to  the  placing  of  the 
shades)  are  most  easily  made  to  look  well.  The  simplest  lettering 
is  generally  the  best.  Thesizesof  thenames  of  places, &e., should 
be  proportional  to  their  importance.  Elaborate  tables  for  various 
scales  have  been  published.  It  is  better  to  make  tho  letters  too 
small  than  too  large.  They  should  not  be  crowded.  Pencil  lines 
should  always  be  ruled  as  guides.  The  lettering  should  be  in  lines 
parallel  to  the  bottom  of  the  map,  except  the  names  of  rivers,  roads, 
&c.,  whose  general  course  should  be  followed. 

(4SS)  Borders.  Tho  Border  may  be  a  single  heavy  line, 
enclosing  the  map  in  a  rectangle,  or  such  a  line  may  be  relieved 
by  a  finer  line  drawn  parallel  and  near  to  it.  Time  should  not  be 
wasted  in  ornamenting  the  border.     The  simplest  is  the  best. 
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(489)  Joining:  paper.  If  the  map  ia  larger  than  the  sheets  of 
paper  at  hand,  they  sliould  be  joined  with  a  feather-edge,  by  pro- 
ceeding thug.  Cut,  with  a  knife  guided  by  a  ruler,  about  one- 
third  through  the  thickness  of  the  paper,  and  tear  off  on  the  tmder 
Bide,  a  stnp  of  the  remaining  thii^kness,  so  as  to  leave  a  thin  sharp 
edge.  Treat  the  other  sheet  in  the  sane  way  on  the  other  side  of 
it.  When  these  two  feather  cd(,es  ate  then  put  together,  (with 
paste,  glue  or  varnisli),  they  will  mike  i  neit  and  strong  joint. 
The  sheet  which  rests  upon  tke  othei  must  be  on  the  right  haiid 
side,  if  tlie  sheets  are  joined  lengthways,  or  below  if  they  are  joined 
m  that  direction,  so  that  the  tliickness  of  the  edge  may  not  cast  a 
shadow,  when  properly  placed  as  to  the  light.  The  sheets  must 
be  joined  before  lioes  are  drawn  across  tbem,  or  the  lines  will 
become  distorted.  Drawing  paper  is  now  made  in  rolls  of  great 
length,  so  as  to  render  this  operation  unnceessaiy. 


(490)  Mounting:  UiapSi  A  map  is  sometimes  required  to  be 
mounted,  i,  e.  backed  with  canvas  or  muslin.  To  do  this,  wet  the 
muslin  and  stretch  it  strongly  on  a  board  by  tacks  dnven  very 
near  together.  Cover  it  with  strong  paste,  beating  this  in  with  a 
brush  to  fill  up  the  pores  of  the  muslin.  Then  spread  paste  over 
the  back  of  the  paper,  and  when  it  has  soaked  into  it,  apply  it  to 
the  muslin,  inclining  the  board,  and  pasting  first  a  strip,  about  two 
inches  wide,  along  the  upper  side  of  the  paper,  pressing  it  down 
with  clean  linen  in  order  to  drive  out  all  air  bubbles.  Press  down 
another  strip  in  like  manner,  and  so  proceed  till  all  is  pasted.  Let 
it  dry  very  gradually  and  thoroughly  before  cutting  the  muslin 
from  the  board. 

Maps  may  be  varnished  with  picture  varnish ;  or  by  applying 
four  or  five  coats  of  isinglass  size,  letting  each  dry  well  before 
applying  the  next,  and  giving  a  full  flowing  coat  of  Canada  balsam 
diluted  with  the  best  oil  of  turpentine. 
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LAYING    OUT,   PARTiNQ    OFF,    ANC 
DIVIDING    UP   LAND.* 


Linm  Ol'T  LASD. 
(i91)  its  iiatiU'Ci  Tliia  operation  is  preciaely  the  reverse  v\ 
tliose  of  Surveying  properly  so  callecl.  The  latter  measures  certain 
lines  as  they  are ;  the  former  marks  them  out  in  the  ground  where 
they  are  required  to  be,  in  order  to  satisfy  certain  conditions. 
The  same  instruments,  however,  are  used  as  in  Surveying. 

Perpendiculars  and  parallels  are  die  lines  most  often  employed. 
The  Perpendiculars  may  he  set  out  either  with  the  chain  alone, 
Arts.  (HO)  to  (159) ;  stiil  more  easily  with  tlie  Cross-staff,  Art 
(104),  or  the  Optical-square,  Art.  (107)  ;  and  most  precisely  with 
a  Transit  or  Theodolite,  Arts.  (4ft3)  to  (406).  Parallels  may 
also  he  set  out  with  the  chain  alone.  Arts,  (100)  to  (106) ;  or 
with  Transit,  &:g..  Arts.  (407)  and  (408).  The  ranging  out  of 
lines  hy  rods  is  described  iu  Arts.  (169)  and  (liS),  and  with  iKG 
Angular  instrument,  in  Arts,  (370),  (109)  and  (415). 

(492)  To  lay  out  sqniirc^.  Reduce  the  desired  content  to 
square  chains,  and  extract  its  square  root.  This  will  be  the  length 
of  the  requu-ed  side,  which  is  to  be  set  out  by  one  of  the  methods 
indicated  in  the  preceding  article. 

An  Acre,  laid  out  in  the  form  of  a  square,  is  frequently  desired 
by  farmers.     Its  side  must  be  made  816j  links  of  a  Guiiter's 

'  Tlie  Demoiisli-fltioTjs  of  the  Pi'obleins  in  lliis  pari,  wijeii  reqiiirea  will  b. 
found  iiiAppeii'lixB. 
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chain ;  or  208jyi;  feet ;  or  G^yio  yards.     It  is  often  taken  at 
70  paces. 

The  number  of  plants,  hills  of  corn,  loads  of  manure,  &c.,  wliich 
an  aei'e  will  contiUQ  at  &nj  uniform  distance  apai't,  can  be  at  once 
found  by  dividing  209  by  this  distance  in  feet,  and  multiplying 
ihe  quotient  by  itself;  or  by  dividing  43560  by  the  square  of  the 
diatauce  in  feet.  Thus,  at  3  feet  apart,  an  acre  would  contain 
4840  plants^  &c. ;  at  10  feet  apart,  436 ;  at  a  rod  apart,  160 ; 
and  so  on.  If  the  distances  apart  be  unequal,  divide  43560  by 
the  product  of  these  distances  in  feet ;  thus,  if  the  plants  were  in 
rows  6  feet  apart,  and  the  plants  in  the  rows  were  3  feet  apart, 
2120  of  them  would  grow  on  one  acre. 


(193)  To  lay  eilt  reclailgleSi  TJie  content  and  lenr/th  being 
given,  both  as  measured  by  the  same  unit,  divide  the  former  by 
the  latter,  and  the  quotient  will  be  the  required  breadth.  Thus,  1 
acre  or  10  square  chains,  if  5  chains  long,  must  be  2  chains  wide. 

Ths  content  leing  given  and  the  length  to  be  a  aertain  number 
of  times  the  breadth.  Divide  the  content  in  square  chmns,  &c.,  by 
the  ratio  of  the  length  to  the  breadth,  and  the  square  root  of  the 
quotient  will  be  the  shorter  side  desired,  whence  the  longer  side 
is  also  known.  Thus,  let  it  be  required  to  lay  out  30  acres  in  the 
form  of  a  rectangle  3  times  as  long  as  broad.  80  acres  =  300 
square  chains.  The  desired  rectangle  will  contain  3  squares,  each 
of  100  sq.  chs.,  having  sides  of  10  chs.  The  rectangle  will  there™ 
fore  be  10  chs.  wide  and  80  long. 

An  Aci-e  Idd  out  in  a  rectangle  tmce  as  long  as  broad,  will  be 
224  links  by  448  links,  njarly;  or  147|  feet  by  295  feet;  or  49^ 
yards  by  98|  yards.  50  paces  by  100  is  often  used  as  an  ap- 
proximation, easy  to  be  remembered. 

The  content  being  given,  and  the  difference  between  tJie  length 
and  breadth.  Let  a  represent  this  content,  and  d  this  difference. 
Then  the  longer  side  =  J  (2  +  ^  VC^'  +  4  a). 

Example.  Let  the  content  be  6,4  acres,  and  the  difference 
12  chains.  Then  the  sides  of  the  rectangle  will  be  respcetivply 
16  chains  and  4  chains. 
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T?ie  content  being  given,  (md  the  sum  of  the  length  and  breadth. 
Let  c  represent  this  content,  and  s  this  sum.    Hien  the  longei 

Mde  =  ^3  +  ^  /(5=  — i(j). 

Example.  Let  the  content  be  6.4  acres,  and  the  sum  20  chains. 
The  above  formula  gives  the  sides  of  the  rectangle  IG  chains  and  ^ 
fiiiains  as  before. 

(191)  To  lay  oat  triauglcst  The  content  and  the  hase  being 
^yen,  divide  the  former  by  half  the  latter  to  get  the  height.  At 
any  point  of  the  base  erect  a  perpendicular  of  the  length  thua 
obtained,  and  it  will  be  the  vertex  of  the  requu'ed  triangle. 

The  content  being  given  and  the  base  having  to  he  in  times  the 
height,  the  height  will  equal  the  square  root  of  the  quotient 
obtained  by  dividing  twice  the  given  area  by  m. 

The  content  being  given  and  the  triangle  to  be  equilateral,  take 
the  square  root  of  the  content  and  multiply  it  by  1.520.  The  pro- 
duct will  be  the  length  of  the  side  requh-ed.  This  rule  makes  the 
Bides  of  an  equUatera!  triangle  containing  one  acre  to  be  480^  links. 
A  quarter  of  an  acre  laid  out  in  the  same  form  would  have  each 
side  240  links  long.  An  equilateral  triangle  is  very  easily  set  out 
on  the  ground,  as  directed  in  Art.  (90),  under  "  Platting,"  using 
a  rope  or  chain  for  compasses. 

(195)  The  contont  and  base  being  given,  and  one  side  having 
to  make  a  given  angle,  as  B,  with  the  base  ^''S-  ^''2- 

AB,tUelengthofthesideE0=|^4^     ^ 

Example.     Eighty  acres  are  to  be  laid  g  ^ 
out  in  the  form  of  a  triangle,  on  a  base, 
AB,  of  sixty  chains,  hearing  IC.  80°  W.    | 
the  bearing  of  the  side  BO  being  N.  70°  E.     Ilere  the  angle  E  is 
found  from  the  Bearings  (by  Art.  (243),  reversing  one  of  tliem) 
to  be  30".     Hence  BC  =  53.33.     The  figure  is  on  a  scale  of  50 
chains  to  1  inch  =  1 :  39600. 
Any  right-line  figure  may  he  laid  out  by  analogous  methods. 

(496)  To  lay  out  circles.  Multiply  the  given  content  by  7, 
divide  the  product  by  22,  and  take  the  square  root  of  the  quotient 
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This  -will  give  the  radius,  -with  nhich  the  circle  can  be  described 
on  the  grovmd  with  a  rope  or  chain,  A  circle  containing  one  acre 
has  a  radius  of  178^  links.  A  circle  containing  a  quarter  of  an 
acre  will  have  a  radius  of  89  links. 

(491)  Town  lotSt  House  lots  in  cities  are  usually  laJd  olT  as 
rectajigles  of  25  feet  front  and  100  feet  depth,  variously  combined 
in  blocks.  Part  of  New-York  ia  laid  out  in  hlocks  200  feet  by 
800,  each  containing  64  lots,  and  separated  by  streets,  60  feet 
wide,  running  along  their  long  sides,  and  avenues,  100  feet  wide, 
on  their  short  sides.  'ITie  eight  lots  on  each  short  side  of  tlie  block, 
front  on  the  avenues,  and  the  remaining  forty-eight  lots  front  on 
the  streets.  Such  a  block  covers  almost  precisely  3|  aCres,  and 
17^  such  lots  about  mako  an  aero.  But,  allowing  for  the  streets, 
land  laid  out  into  lots,  25  by  100,  arranged  as  above,  would  con- 
tain only  11.9,  or  not  quite  12  lots  per  acre. 

Lots  in  small  towns  and  villages  are  laid  out  of  greater  size  and 
less  uniformity.  50  feet  by  100  is  a  frequent  size  for  &ew  villages, 
the  blocks  bring  200  feet  by  500,  each  therefore  containing  20  lots. 


(498)  Laud  said  for  (axes.  A  case  occurring  in  the  State  of 
New-York  will  serve  as  an  application  of  the  modes  of  laying  out 
squares  and  rectangles.    Land  ^^S'  3^3- 

on  which  taxes  are  unpaid  is  ^~ 
sold  at  auction  to  the  lowest 
bidder ;  i.  e.  to  him  who  will 
accept  the  smallest  portion  of 
it  in  return  for  paying  the  taxes 
on  the  whole.  The  lot  in  ques- 
tion was  originally  the  east 
half  of  the  square  lot  ABCD, 
containing  500  acres.  At  a 
ealefortaxesinl830,  70  acres 
were  bid  off,  and  this  area  was  ■*■ 
Bet  off  to  the  purchaser  in  a  square  lot,  from  the  north-east  comer. 
Required  the  side  of  the  square  in  links.  Again,  in  1834,  29 
seres  more  were  thus  sold,  to  he  set  off  in  a  strip  of  equal  width 


Hosted  by 


Google 


334  hknm  Ol'T  AMD  DJVIBISG  If  LASD.       [pari  si 

ai'oaiid  the  square  previously  sold.  Rcfjuirecl  the  widtk  of  tMs 
strip.  Once  more,  in  1839,  42  acres  more  were  sold,  to  be  sot 
off  around  the  preceding  piece.  Kequirod  the  dimensions  of  tJiis 
third  portion.  (The  ausiver  can  be  proved  hy  calculating  if  the 
dimensions  of  the  remaining  rectangle  will  ^ve  the  content  -which 
it  should  have,  viz.  250  —  (70  +  29  +  42)  =  109  Acres. 
The  figure  is  on  a  scale  of  40  chains  to  1  inch  =  l:S16S0. 

(499)  low  GOimtrlcs.  The  operations  of  laying  out  land  for  the 
purposes  of  settlers,  are  required  on  a  large  ?cale  in  noiv  countries, 
in  combination  ivitli  their  survey.  There  is  great  dif&culty  in 
uniting  the  necessary  precision,  rapidity  and  cheapness.  "  Tri- 
angular Surveying "  ivill  ensure  the  first  of  these  qualities,  but  is 
deficient  in  the  last  two,  and  leaves  the  laying  out  of  lots  to  he 
subsequently  executed.  "  Compass  Surveying"  posso^es  tie  last 
two  qualities,  but  not  the  first.  The  United  States  system  for 
surveying  and  laymg  out  the  Public  Lands  admirably  combines  an 
accurate  determination  of  standard  lines  (Meridians  and  Parallels) 
■with  a  cheap  and  rapid  subdivision  by  compass.  The  subject  is  so 
.mportant  and  extensive  that  it  will  be  explained  by  itself  in 
Part  Xn. 


CHAPTER  II, 


PAUTOO  OFF  ham. 

(50!))  It  is  often  required  to  part  off  from  a  field,  or  from  an 
indefinite  space,  a  certain  number  of  acres  by  a  fence  or  other 
boundary  line,  which  is  also  required  to  run  in  a  particular  direc- 
tion, to  start  from  a  certain  point,  or  to  fulfil  some  otber  condition. 
The  various  eases  most  likely  to  occur  will  be  here "  arranged 
according  to  these  conditions.  Both  graphical  and  numerical  me- 
thods will  generally  he  given.* 
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The  given  content  ia  always  supposed  to  be  rccluced  to  square 
cliaina  and  doeimal  parts,  and  the  lines  to  be  in  chains  and  deci- 
mals. 

A.       By   A   LINE   PARALLEL   TO   A   SIDE. 

(ijOl)  To  part  off  a  rcclaiigle.  If  the  sideg  of  the  field  acTja- 
eent  to  the  given  side  malte  right  angles  with  it,  the  figure  parted 
off  hy  a  parallel  to  the  gven  side  will  be  a  rectangle,  and  its 
breadth  will  equal  the  required  content  divided  by  that  side,  as  m 
Art.  (493). 

If  the  field  be  bounded  by  a  curved  or  zigzag  line  outside  of  the 
given  side,  find  the  content  between  these  irregular  lines  and  the 
given  straight  side,  by  the  method  of  o^eta,  subtract  it  from  the 
content  required  to  be  parted  off,  and  proceed  with  the  remainder 
Eia  above.     The  same  directions  apply  to  the  subsequent  problems, 


(502)  To  part  off  a  parallelogram.    If  the  sides  adjacent  to 

the   given   side  be   parallel,   the  ^''S-  ^'W. 

figure  parted  off  will  be  a  parallel-  y;-^:::^^                      y- 

ogram,  and  its  perpendicular  width,  /  |    "■•-,_              X 

CE,  will  be   obtained   as  above,  y         j           "'■-,/ 

The  length  of  one  of  the  parallel  A     '       E                B 
ABDC 


!,  as  AG  = 


(503)  Topart  off  a  trapezoid,  When  the  skies  of  the  field 
adjacent  to  the  given  side  are  not  parallel,  the  figure  parted  off 
will  be  a  trapezoid. 

When  the  field  or  figure  is  given  on  the  ground,  or  on  a  plat, 
begin  as  if  the  sides  were  parallel,  pig.  3i5. 

dividing  the  given  content  by  the  ^  \ 

base  AB,     The  quotient  will  be  c^ 

an  approximate  breadth,  CE,  or  / 1 

DF;  too  small  if  the  sides  con-  /     i 

verge,  as  in  tho  figure,  and  viae      /         i 

versa.     Measure  CD.     Calculate  ^  i'    " 

the  content  of  ABDC.     Divide  the  difference  of  it  and  tho  required 
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content  by  CD.  Set  off  the  quotient  perpendicular  to  CD,  (in  this 
figure,  outside  of  it,)  and  it  will  give  a  new  line,  GH,  a  still  nearer 
appro^mation  to  that  desired.  Tlie  operation  may  be  repeated,  if 
found  necessary. 

(504)  When  the  field  is  given  by  Bearings,  de-         fig.  S-ie. 
duce  from  them,  as  in  Art.  (213),  the  angles  at  A     'p\ 
and  B.     The  reqmred  sides  will  then  be  given  by 
these  formulas : 

CD  =  y  (aE  =  -  ^ii*?21^»!^  ±^- 
=:fAE  — CD)- 


.  A  .  .ia.  B 


AD  = 


1.  (A  +  B)' 


B0  =  (AB-0D)-5-=^^.  ^^         ^ 

When  the  sidea  AD  and  BC  diverge,  instead  of  converging,  aa 
in  the  figure,  the  negative  term,  in  the  expression  for  CD,  becomes 
positive;  and  in  the  expressions  for  both  AD  and  BC,  the  first 
factor  becomes  (CD  —  AB). 

The  perpendicular  breadth  of  tlie  trapezoid  =  AD  .  sin.  A ; 
or  =BO,sin.  B. 

Example.  Let  AB  run  North,  six  chains;  AD,  K.  80°  E. ; 
BC,  S.  60°  E.  Let  it  be  reqinrod  to  part  off  one  acre  by  a  fence 
parallel  to  AB.  Here  AB  =  6.00,  AECD  ==  10  square  chains, 
A  =  80°,B  =  60°.  Ans.  CD  =  4.67, AD  =  1.92,BO  =  2.18, 
and  the  breadth  =  1.89, 

'The  figure  is  on  a  scale  of  4  chains  to  1  inch  =  1 :  3168. 

B.       BX   A   LINE    PERPENDICULAR   TO   A    SIDl;. 

(505)  To  part  off  a  triangld  Lot  FG  be  the  required  line. 
When   the   field    ia    given    on    the  ^"'S-  31''- 

ground,  or  on  a  plat,  at  any  point,  as 
D,  of  the  given  side  AB,  set  out  a 
"guess  line,"  DE,  perpendicular  to 
AB,  and   calculate   the  content  of   ^'^ 
DEB.     Then  the  required  distance  BF,  from  the  angular  pohit 
to  ilie  foot  of  the  desired  perpendicular,  =  BD -./(pwr-J ■ 
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Example.     Let  ED  =  30  chains;  ED  =  12  dialns;  and  the 
desired  area  =i  24.8  acres.     Tlien  BF  =  35,22  chains. 
The  scale  of  the  figure  is  30  chains  to  1  inch  =  1 :  23760. 

(508)  When  the  field  is  given  bj  Bearings, 
Ind  the  angle  B  from  tlie  Bearings ;  then  is 

ExmipU.     Let  BA  hear  S,  75°  E.,  and  BO 
N.  60"  E.,  and  let  five  acres  be  required  to  bo 
parted  off  from  the  field  by  a  perpendicular  to  BA.     Hero  tha 
angle  B  =  45',  and  BF  =  10.00  chains. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =  1 :  15S40. 

^  (507)  To  part  off  a  qnadri!at«ral.  Produce  the  converging 
sides  to  meet  at  B,     Calculate  the  Fig.  3G3. 

content  of  the  triangle  HKB,  wLfr- 
ther  on  the  ground  or  plat,  or  from 
Bearings.     Add  it  to  the  content  ,,-- 

of  the  quadrilateral  required  to  be   ^'~ 
parted  off,  and  it  will  give  that  of  the  triangle  FGB,  and  the  me- 
thod of  the  preceding  case  can  then  be  applied. 

(508)  To  part  off  any  figure.  If  the  field  bo  very  irregularly 
shaped,  find  by  teial  any  lino  \Yhieh  will  part  off  a  little  less  than 
the  required  area.  'Xhia  trial  line  will  represent  HK  in  the  pre- 
ceding figure,  and  the  problem  is  reduced  to  parting  off,  accord- 
ing to  the  required  condition^  a  qiiadrilata-al,  comprised  between 
the  trial  line,  two  sides  of  the  field,  and  the  required  line,  and  con- 
taining the  difference  between  the  requbed  content  and  that  parted 
offby  the  trial-line. 

0.       Br  A    LINE   ILUNSISG    IN   ANY   GITES  DIKECTION. 

(509)  To  part  off  a  lrian§:le.  By  construction,  on  the  ground 
or  the  plat,  proceed  nearly  as  in  Art.  (305),  setting  out  a  line 
in  the  required  direction,  calculating  the  triangle  thus  formed,  and 
obtaining  BF  by  the  same  formula  as  in  that  Article. 
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(Sid)  If  the  field  be  given  by  Eearings,  find 
from  them  the  angles  CBA  and  GFB ;  then  is 
//2  X  BFO-sin  (B  +  f )V 
Vl         sin.  B.  sin.  F  /' 

Let  EA  bear  S.  80"  E. ;  BO, 
N.  80°  E. ;  and  a  fence  be  required  to  ruii,i'rom 
some  point  in  BA,  a  due  North  course,  and  to 
part  oiT  one  acre.  Required  the  distance  from 
B  to  the  point  P,  whence  ifc  must  stai't.  Am. 
The  angle  B  =  70',  and  F  =  30".  ThenBF  = 
6.47. 

The  scale  of  Fig.  350  is  6  chains  to  1  inch  = 


(511)  T»  iis.H  off  a  quadriSalera!.    Bet  it  he  required  to  pari 
d£F,  by  a  line  running  in  a  Fig.  351. 

given  direction,  a  quadrilar 
teral  from  a  field  in  ivluch 
are  given  the  side  AE,  and 
the  directions  of  the  two  ■ 
other  sidea  running  from  A 
and  from  B. 

On  the  groimd  or  plat 
produce  the  two  conver^ng 
gides  to  meet  at  some  point 
E.  Calculate  the  content 
of  the  triangle  ABE.  Measure  tho  side  AE.  From  ABE  subtract 
the  area  to  be  cut  off,  and  the  remainder  will  be  the  content  of  the 
ta-ianglo  CDE.  From  A  set  out  a  line  AF  parallel  to  tlie  given 
direction.     Find  tlie  content  of  ABF.     Take  it  fram  ABE,  and 


ua  obtain  AFE.     Then  tins  formula,  ED  = 
e  point  D,  since  AD  =  AE  —  ED. 


^AE 


/ODE     ...  „ 


(51£)  When  the  field  and  the  dividing  line  are  given  hy  Bear 
ings,  produce  tho  sides  as  m  the  last  article.  Find  all  the  angles 
from  the  Bearings.  Calculate  the  content  of  the  triangle  ABE,  by 
the  foiTnula  for  one  side   and  its  including  angles.     Take  the 
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desired  content  from  this  to   obtaia   CDE,     Calculate  the  side 

61Q.  E  V  \    Ein.  E .  em.  CDE    / 

Example.  Let  DA  bear  S.  20^=  W. ;  AB,  N.  51^°  "VV.,  8.19 ; 
DC,  N.  73^°  E. ;  and  lot  it  be  required  to  part  off  two  acrea  by  a 
fence,  DC,  ruimbg  N.  45°  W.  Ans.  ABE  =  32.50  sq.  chains ; 
whence  CDE  =  12.50  sq.  chs.  Also,  AE--8.ST;  and  finally 
AD  =  8.37  —  5.49  =  2.88  chains. 

The  scale  of  Kg.  351  ia  5  chains  to  1  inch -=  1: 3960. 
If  the  sum  of  the  anglea  at  A  and  B  was  more  than  two  right 
angles,  the  pomt  E  would  lie  on  the  other  side  of  AB.     The  neces- 
sary modifications  are  apparent. 

(513)  T»  part  off  any  figure.  Proceed  in  a  sinular  manner  to 
that  described  in  Art.  (5I>8),  by  getting  a  suitable  trial-line,  pro- 
ducing tho  aides  it  intersects,  and  then  applying  the  method  just 
given. 

D.    By  a  line  startikg  from  a  given  point  in  a  side. 

(511)  T«  part  off  a  triangle.  Let  it  be  required  to  cut  off 
from  a  corner  of  a  field  a  triangu-  Fjg.  355. 

lar  space  of  given  content,  by  a 
line  starting  from  a  ^ven  point 
on  one  of  the  sides,  A  in  the  figure, 
the  base,  AB,  of  the  desired  tri-  , 
angle  being  thus  given  If  the 
field  be  given  on  the  ground  or  on 
a  plat,  divide  the  gnen  content 
by  half  the  base,  anl  tho  quotient  will  bo  tbe  height  of  tho  tri- 
angle. Set  off  tlua  distance  fiom  any  point  of  AB,  perpendicular 
to  it,  as  from  A  to  C ,  fiom  C  set  out  a  parallel  to  AB,  and  its 
intersection  with  the  second  side,  as  at  D,  will  be  the  vertex  of  the 
required  triangle. 

Otherwise,  divide  the  required  content  by  half  of  the  perpendi- 
cular distance  from  A  to  BD,  and  tlie  quotient  will  be  BD. 

*  This  original  formiila  is  very  convenient  for  iogBrithiuic  ooiapulalion. 
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(5!5)  If  the  field  he  given  by  tlie  Bearings  of  two  sides  and  thf 
length  of  one  of  them,  deduce  the  angle  B  (Fig.  S52)  from  the 


lArt.  (243).     Then  is  Ed 


2  X  ABD 


If  it  is  more  convenient  to  fix  the  point  D,  by  the  Second  Mi5- 
thod,  Art.  (fi),  that  of  rectangular  co-ordinates,  ive  aliall  have 
BE  =  BD  .  COS.  B;  andED=BD  .  sin.  B. 

The  Bearing  of  AD  is  obtained  from  the  angle  BAD ;  ivliich  is 


known,  since  77— 


ED 


ED 


EA      A]i  —  BE' 


=  tang.  BAD. 


Exarivple,  Eighty  acres  are  to  bo  set  oif  from  a  corner  of  a 
field,  the  course  AB  being  N.  80^  W.,  sixty  chains ;  and  the  Bear- 
ing of  BD  being  N.  70=  E.  -4ns.  BD  =  53.33;  EE  =  46.19: 
ED  =  26.67  ;  and  the  Bearing  of  AD,  N.  17=  23'  W. 

The  scale  of  Fig.  352  is  40  chains  to  1  inch  =  1 :  31680. 

If  the  field  were  right  angled  at  B,  of  course  BD  =  ---7,—. 


(5iS)  To  iiart  off  a  quadrilateral.  Imagine  the  two  converg- 
ing aides  of  the  field  produced  to  moct,  as  in  Art.  (511),  Calcu- 
late the  content  of  the  triangle  thus  formed,  and  the  question  will 
then  be  reduced  to  the  one  explained  in  the  last  two  articles. 


(517)  T«  part  off  any  figure.  Proceedaadirectec[inArt.(513). 
Otherwise,  proceed  as  foliows. 

The  field  being  given  on  the  ground  or  on  a  plat,  find  on  which 
side  of  it  the  required  line  will  end,  by  drawing  or  running  "  guesa 
lines"  from  the  given  point  to  various  angles,  and  roughly  measur- 
ing the  content  thus  parted  off.  f'S-  ssa. 
If,  as  in  the  figure,  A  being  the 
given  point,  the  ^uess  fine  AD 
parts  offlesa  than  the  required  coi 
tent,  and  AE  parts  off  more,  then 
the  desh-ed  division  line  AZ  will  ^[n 
end  in  the  side  DE,  Subtract  the 
area  parted  off  by  AD  from  the 
required  content,  and  the  difference  will  be  the  content  of  tlie  tri 
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angle  ADZ.  Divide  tliis  by  half  tlie  perpendicular  let  fall  frota 
the  ^ven  point  A  to  the  side  DE,  and  the  quotient  will  be  the  base, 
or  d^tance  from  D  to  Z. 

Or,  find  the  content  of  ADE  and  make  this  proportion ;  ADE  : 
ADZ  : :  DE  :  DZ. 

(518)  The  field  beuig  given  by  Bearings  and  distances,  find 
as  before,  by  approximate  trials  on  the  plat,  or  otherwise,  which 
Bide  the  desired  line  of  division  will  terminate  in,  as  DE  in  the  last 
figure.  Draw  AD.  Knd  the  Latitude  and  Departure  of  this 
Une,  and  thence  its  lengtli  and  Bearing,  as  in  Art.  (140).  Then 
calculate  the  area  of  the  space  this  line  parts  off,  ABCD  in  the 
figure,  by  the  wsual  method,  explained  in  Part  III,  Chapter  VI, 
Subtract  this  area  from  that  required  to  be  cut  off,  and  the  remain- 
der will  be  the  area  of  the  triangle  ADZ.  Then,  as  in  Art,  (515), 
.y,  _        2  ADZ 

''  ~  AD  .  sin.  ADZ' 

This  problem  may  be  executed  without  any  other  Table  than  that 
of  Latitudes  and  Departures,  thus.  Eind  the  Latitude  and  Depar- 
,ture  of  DA,  as  before,  the  area  of  the  space  ABCD,  and  thence 
the  content  of  ADZ.  Then  find  the  Latitude  and  Depai'ture  of 
EA,  and  the  content  of  ADE.  Lastly,  make  this  proportion: 
ADE:ADZ::DE:DZ.- 

Ilxample.  In  the  field  ABCDE,  ko.,  part  of  which  is  shown 
in  Fig.  353,  (on  a  scale  of  4  chains  to  1  inch  =  1 :  3168),  one 
acre  is  to  be  parted  off  on  the  west  side,  by  a  line  starting  from  the 
angle  A,  Required  the  distance  from  D  to  Z,  the  other  end  of 
tills  dividing  line.f 

The  only  courses  needed  are  these.  AB,  N,  53°  "VV.,  1.65  , 
liC,  N.  20^  E.,  2.00 ;  CD,  N,  SSJ^  E.,  1.32 ;  DE,  S.  57°  E.,  5.79, 
A  rough  measurement  wilt  at  onee  shew  that  ABCD  is  less  than 
an  a^jre,  and  that  ABCDE  is  more  ;  hence  the  desired  line  will  fall 

"  The  problem  may  olso  be  performed  by  tnaking  ihe  aide  on  which  the  divi 
sion  line  is  ta  fall,  a.  Meiidiai),  and  changing  the  Bearinga  as  in  Art.  (344).    The 


se  of  the  new  Departures  will  tie  the  Departure  cf  the  Divisii 
position  can  then  ba  easily  determii 
VII,  Chapter  IV,  Arts,  (443),  &c. 


Jepartures  will  be  the  Departure 
isii;  determined,  bj  calculaliona  : 


t  If  the  whole  field  hns  been  snrveyed  and  balancei3,  the  Kilance 
tnd  Deparlnres  ahould  be  used.  We  wili  here  suppose  the  sni'vey  lo  I 
perfectly  cori'ect. 
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on  DE,  The  Latitudes  and  Departures  of  AB,  EC  and  CD  are 
tlien  found.  From  them  the  course  AD  is  found  to  be  N.  8^  E.. 
3.63.  The  content  of  ABCD  -will  be  3.19  square  chains.  Sub- 
tracting this  from  one  acre,  the  remainder,  6.81  sq.  chs.,  is  the  con- 
limt  of  ADZ.  AP  =  3.63  x  sin.  65°=  3.29.  Dividing  ADZ 
by  half  of  this,  we  obtain  DZ  =  4.14  chains. 

By  the  Second  Method,  tho  Latitude  and  Departure  of  DA,  the 
area  of  ABCD,  and  of  ADZ,  being  found  as  before,  we  next  find 
the  Latitude  and  Departure  of  EA,  from  those  of  AD  and  DE, 
and  thence  the  area  of  ADE  =  9.53.  Lastly,  we  have  Lhe  pro- 
portion 9.53  :  6.«1  : :  5.79  :  DZ  =  4.14,  as  before. 

E.  By  a  lihb  passima  iimouGii  a  gives  point  withih  the  field. 

(519)  To  part  off  a  triangle.    Let  P  be  a  point  within  a  fielil 
through  which  it  ia  required  to 
run  a  line  so  as  te  part  off  from 
the  field,  a  given  area  in  the 
form  of  a  triangle. 

When  the  field  is  given  on  the 
ground  or  on  a  plat,  the  division 
can  be  made  by  construction, 
thus.  Erom  P  draw  PE,  paral- 
.lol  to  tlie  side  BC.  Divide  the 
j^ven  area  hy  half  of  the  perpen- 
dicular distance  from  P  to  AC, 
and  set  off  the  quotient  from  C 
to  G.  Biaect  GC  in  H.  On 
IIE  describe  a  semi-circle.  On 
it  set  off  EK  =  EC.  Join  KH. 
Set  off  HL  =  HK.  The  line  LM,  drawn  from  L  through  P,  will 
lie  tiie  division  line  required.*  If  HK  be  set  off  in  tho  contrary 
direction,  it  will  fix  another  line  L'PM',  meeting  CB  produced,  and 
thus  parting  off  another  triangle  of  the  required  content. 

Example.  Let  it  be  required  to  part  off  31.175  acres  by  a 
ibnce  passing  through  a  point  P,  the  distance  PD  of  P  from  tho 


u  the  £gure  si 


1,  thoujjh  iiKuiled 
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side  EC,  measured  parallel  to  AC,  being  6  chains,  aud  DO  IS 
chains.  The  angle  at  C  ia  fixed  bj  a  "tie-lino"  AB==48. 00^ 
BC  being  42,00,  and  CA  being  30.00.  Ans.  CL  =  27.31 
chains,  or  CL'  =  7.69  chains. 

The  figure  is  on  a  scale  of  20  chains  to  1  inch  ==  1  :  15840. 


(520)  If  the  angle  of  the  field 
and  the  position  of  the  point  P  are 
given  by  Beai'ings  or  angles,  proceed 
thus.  I'ind  the  perpendicular  dis- 
tances, PQ  and  PB,  from  the  giren 
poiiit  to  the  sides,  by  the  formulas 
PQ  =  PC  .  sin.  PCQ ;  and  PR  = 
PC  .sin.  POR.  Let  VQ  =  q,  PR 
^p,  and  the  required  content  ^  e. 

p       V  \p^       sm.  LCM/ 

Example.  Let  tho  angle  LCM  =  82°.  Let  it  be  required  to 
part  off  the  same  area  as  in  the  preceding  example.  Lot  PC  = 
19.75,  PCQ  =  17°  30^',  PCR=64o  29^-  Required  CL. 
Ans.  PQ  =  5.94,  PR  =  17.82,  and  therefore,  by  the  formula, 
CL  =  27.31,  or  CL'  =  7.69;  corresponding  to  the  graphical 
solution.     The  figure  is  on  the  same  scab. 

If  the  given  point  were  without  the  field,  the  division  lino  could 
be  determined  in  a  sinular  manner. 


(321)  To  part  off  a  quadrilateral.     Conceivi 
the  field  which  the  division  line  ivill  intersect, 
UA  and  CB,  produced  till  they  meet  at  a    i 
point  G,  not  shown  in  the  figure.     Calculate 
the  triangle  thus  formed  outside  of  the  field,  j, 
Its  area  increased  by  the  required  area, 
will  be  that  of  the  triangle  EFG.     Then  the 
problora  is  identical  with  that  in  the  last 
article.      The  following   example    is    that 
given  m  Gummere's  Surveying.     The  figure 
represents  it  on  a  scale  of  20  chains  to  1  inch 
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HxampU.  A  field  is  boundecl  thus:  N.  14°  W.,  15.20: 
N.  70»o  E.,  20.43 ;  S.  6°  K,  22.79 ;  N.  861°  W.,  18.00.  A 
spring  withiu  it  bears  from  the  second  corner  8.  75°  E.,  7.90.  It 
is  required  to  cut  oif  10  acres  from  the  West  side  of  the  field  by  a 
strsught  fence  tlirougli  the  spring.  How  far  will  it  he  from  the 
first  corner  to  the  point  at  which  the  division  fence  meets  tKe  fourth 
side?    Ans.  4.6357  chains. 


(522)  T»  part  off  auy  figure.  Let  it  be  recjulrecl  to  part  o 
from  a  field  a  certain  area  by 
a  line  passing  through  a  given 
point  P  within  the  field.  Rtin 
a  guess-line  AB  through  P. 
Calculate  tho  area  which  it 
parts  off.  Call  the  ditferenco 
between  it  and  the  required 
area  =  d.  Let  CD  he  the 
desired  line  of  division,  and 
let  P  represent  the  angle,  APC  or  BPD,  which  it  makes  with  the 
given  line.  Obtain  the  angles  PAO  =  A,  and  PBD  =  B,  either 
by  measurement,  or  by  deduction  from  Bearings.  Measure  PA 
and  PE,  Then  the  desired  angle  P  will  be  given  by  the  following 
formula. 


Cot.  P  = 


—  J  Scot.  A  +  eot.  B  ■ 
.  cot  li  — BP=  .cot,  A 


AP2  —  BP: 


2rf 


'-). 


!(■ 


cot.  A  +  cot  \ 


cot.  A  .  ?ot.  B  + 

n 


■Id 


If  the  guess  line  be  run  so  as  to  be  perpendicular  to  one  of  the 
les  of  the  field,  at  A,  for  example,  the  preceding  expression 
to  the  following  simpler  form. 

AP^  —  BPn  , 


Cot.  P  =  — 1  ^cot.B- 
/  rAp2    cot.  B   ,    ,  /    ,  ,, 

VL— aT-^H^^^'^'- 


Sii 


Ly], 
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It  was  required  to  cut  off  from  a  field  twelve  acres 
by  a  line  passing  through  a  spring,  P.  A  guess-line,  AB,  was  run 
making  an  angle  with  one  side  of  the  field,  at  A,  of  55^,  and  with 
the  opposite  side,  at  E,  of  81°,  The  area  thus  cut  off  was  found 
to  be  13.10  acres.  From  the  spring  to  A  was  9.§0  chains,  and  to 
B  3.30  chains.  Required  the  angle  wliieh  the  requbed  line,  CD, 
must  make  with  the  guess  line,  AB,  at  P.  Ans.  20°  45' ;  or 
—  SQ°  25'.     The  heavy  brolcen  line,  CD',  shows  the  latter. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =  1  :  7920. 

If  the  given  point  were  outside  of  the  field,  the  calculations  would 
be  similar 


F.    By  the  BiioaiEST  possible  like. 

(523)  To  part  off  a  triangle.     Let  it  be  required  to  part  off  a 
triangular  space,  EDE,  of  ^ven  content,  from  the        Fig.  358. 
corner  of  a  field,  ABC,  by  the  shortest  possible 
line,  DE. 

From  B  set  off  BD  and  BE  each  equal  to 

y^^J^^ .    The  line  DE  thus  ohtamed  will  be 
perpendicular  to  the  line, BE,  which  bisects  the  ao- 


The  length  of  BE  == 


^(2  .  PBE .  si 


gleE. 

Example.  Let  it  be  required  to  part  oS"  1.3  acre  from  tlie 
comer  of  a  field,  the  angle,  B,  being  30=.  AnB.  BD  =  BE  = 
7.21;  and  DE  =  3.73. 

The  scale  of  the  figure  is  10  chains  to  1  inch  =1 :  7920. 


G.     Land  op  variable  value. 

(524)  Let  the  figure  I'epresent  a  field  in  which 
the  land  is  of  two  qualities  and  values,  divided  by 
the  "  quality  line  "  EF.  It  is  required  to  part  off 
from  it  a  quantity  of  land  worth  a  certtun  Buni,  by 
a  straight  fence  parajlel  to  AB. 

Multiply  the  value  per  acre  of  each  part  by  its 
length  (in  chains)  on  the  line  AB,  add  the  pro- 
ducts, multiply  tlie  value  to  be  set  off  by  10,  divide 
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by  the  above  sum,  aad  the  quotient  will  be  the  desired  breadtli,  BO 
or  AD,  in  chains. 

Example.  Let  the  land  on  one  side  of  EF  he  worth  ^200  pei 
acre,  and  on  the  other  side  $100.  Let  tho  length  of  the  former, 
BE,  be  10  chains,  and  EA  he  SO  ehains.  It  is  required  to  part 
off  a  qaantity  of  land  ivorth  $7500.  -4ns.  The  width  of  tho 
desired  strip  -will  be  15  chains. 

The  scale  of  the  figure  is  40  chains  to  1  mch  =  1 :  31680. 

If  the  "  quality  line"  be  not  perpendicular  to  AE,  it  may  be 
made  so  by  "  giving  and  takmg,"  as  in  Art.  (134),  or  as  in  the 
article  following  this  one. 

The  same  roethod  may  bo  apphed  to  land  of  any  number  of 
different  qualities ;  and  a  combiaation  of  this  method  with  the  pre- 
ceding problems  will  solve  any  case  which  may  occur. 

H.      SiaAIGHTENISG   CaOOKED   FENCES. 

(525)  It  is  often  required  to  substitute  a  straight  fence  for  a 

crooked  one,  s(  that  the  former  shall  part  off  precisely  tho  same 

quantity  of  land  as  did  the  latter.     This  can  be  done  on  a  plat  by 

the  method  given  in  Art.  (83),  by  -which   the  irregular  figure 

fig.  360. 


1...2,..3...4...5  is  reduced  to  the  equivalent  triangle  1...5... 3',  and 
the  straight  hue  5.. .3'  therefore  parts  off  the  same  quantity  of  land 
-jn  either  side  as  did  the  crooked  one.  The  distance  from  1  to  3', 
as  found  on  the  plat,  can  then  be  set  out  on  the  ground  and  the 
Btraight  fence  be  then  ranged  from  3'  to  5 

The  work  may  be  done  on  the  groimd  more  accurately  by  run- 
umg  a  guess  line,  AC,  Fig.  361,  across  tlie  bends  of  tlie  fence  which 
crooks  from  A  to  B,  measuring  offsets  to  the  bends  on  each  side 
of  the  guess  line,  and  calculating  their  content.  If  the  sums  of 
these  areas  on  each  side  of  AC  chanced  to  be  equal,  that  would  ba 
the  line  desii'cd ;  but  if,  as  in  the  figure,  it  passes  too  far  on  one 
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Fig,  361. 


side,  divide  tlie  difference  of  the  areas  by  half  of  AC,  and  set  it 
off  at  right  angles  to  AC,  from  A  to  D.  DO  will  then  be  a  Hne 
parting  off  the  same  quantity  of  land  as  did  the  crooked  fence.  If 
the  fence  at  A  wa-a  not  perpendicular  to  AC,  but  oblique,  aa  AE, 
then  from  D  run  a  parallel  to  AO,  meeting  the  fence  at  E,  and  EO 
ivill  be  the  reriuired  line. 


CHAPTER  III. 


DITIDIKW  CP  IkWD. 

(526)  Most  of  the  problems  for  "  Dividing  up"  land  may  be 
brought  under  the  cases  in  the  preceding  chapter,  by  regarding 
one  of  the  portions  into  wliich  the  figure  is  to  be  divided,  aa  an 
area  to  he  "  Parted  off"  from  it.  Many  of  them,  however,  can 
be  most  neatly  executed  by  considering  them  as  independent  pro- 
blems, and  this  -ffiil  be  here  done.  They  will  be  arranged,  Sriitly, 
according  to  the  simplicity  of  tlie  figure  to  be  divided  up,  and  then 
Bub-arranged,  aa  in  the  leading  arrangement  of  Chapter  II,  accord- 
ing to  the  manner  of  the  division. 

DiViSION  OF  TRIANGLES. 

(527)  By  Hues  parallel  (o  a  side.  Sup-  iig.acs. 
pose  that  the  triangle  AEC  is  to  be  divided  into 
two  equivalent  parts  by  a  line  parallel  to  AC. 
The  desired  point,  D,  from  which  this  line  is  to 
start,  will  bo  obtained  by  measuring  ED  = 
Ali  ^/J.     So,  too,  E  is  fixed  by  BE  =  BC  V^ 
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Generally,  to  divide  tlie  triangle  into  two  parts,  BDE  and  ACED 
whicli  shall  litiYe  to  each  other  a  ratio  ^m  :  n,  we  have  BD  =■ 


■■J^. 


This  may  be  coostructod  thus.  Doaeribe  a 
BemicLrcIe  on  AB  as  a  diameter.  From  E  set 
off  BP  =  — ^—  .  BA.  At  F  erect  a  perpendi- 
cular meeting  tlie  Bemicircle  at  G.  Set  off  EG 
from  B  to  D.  I)  ia  the  starting  point  of  the  divi- 
sion Ime  required.  In  the  figure,  the  two  partf 
EF  is  therefore  c=  f-  BA. 

To  divide  the  trianglo  ABC  into  five 
equivalent  parts,  we  should  have,  similarly, 
BD=AB  Vi;  ED'  =  AB  VI;  BD" 
=  AB  i/f ;  BD"'=AB  Vf 

The  samo  method  will  divide  the  trian- 
gle into  any  desired  number  of  parts  hav- 
ing any  ratios  to  each  other- 


(328)  By  lines  perpendicular  to  a  side.     Suppose  that  ABO 
is  to  be  divided  into  two  parts  having  f'S'  3^5. 

a  ratio  =  »i :  n,  by  a  line  perpendicular 
to  AC.  Let  EF  be  the  dividing  line 
whose  position  is  required.  Let  BD 
bo  a  perpendicular  let  fall  from  E  to 

AC.    Then  is  AE  =  ^(aC  X  AD  X  ;^^)  -      In  this  figure, 

AFE  :  EFBC  : :  m  :  n  ; :  1  :  2. 

If  the  tiiangle  had  to  be  divided  into  two  eqmvalent  parts,  the 
above  expression  would  become  AE  =  VC^  A-O  X  AD). 


(539)  By  lines  running  in  any  givcu  direction.  Let  a  tmngle, 
ABC,  be  given  to  be  divided  into  two  parts,  having  a  ratio  =  m  :  n, 
by  a  line  maldng  a  given  angle  with  a  side.     Part  off,  as  in  Art 

(508)  or  C5!0),  Kg.  350,  an  area  EFG  =  — ^—  •  ABC. 
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(530)  By  lines  startiDg  fr»m  aa  angk.     Divide  the  5ide  ojipo- 
site  to  the  given  angle  into  tho  rec[nire<i  iium-  ^'''%-  ^s"- 

ber  of  parts,  and  draw  lines  from  the  angle  to 
the  points  of  division.  In  the  figure  the  tri- 
angle is  represented  as  being  thus  divided  into 
two  equivalent  parts. 

If  the  triangle  were  required  to  he  divided  into  two  parts,  having 

to  each  other  a  ratio  —  m  :  n,  we  should  have  AD  =  AC  - 

and  DC  =  AC -^^ — 

If  the  triangle  had  to  be  divided  into  throe 
parte  which  should  be  to  each  other  ::m:n  12^, 

we   should  have   AD  =  AC ~ ,  DE 

m  +  n  +  p 

=  AC " ,aiictEC=AC- 


■'  +  « 


Suppose  that  a  triangular  field  ABC,  had  to  be  divided  ajnong 
five  men,  two  of  them  to  have  a  quarter  each,  and  three  of  them 
each  a  sixth.  Divide  AC  into  two  equal  parts,  one  of  these  again 
into  two  equal  parts,  and  the  other  one  into  three  equal  parts. 
Run  the  lines  from  tl^e  four  points  thus  obtained  to  tlie  angle  B. 

(531)  By  lines  starling:  from  a  point  iu  a  sidd  Suppose  tliat 
the  triangle  ABC  is  to  be  divided  into  two  Fig.^acs 

equivalent  parts  by  a  line  starting  from  a  point 
D  in   the  side  AC.     Take  a  point  E  in  tho 
middle  of  AC.     Join  ED,  and  from  E  draw  a 
parallel  to  it,  meeting  AB  in  F.     DF  will  be   . 
the  dividing  line  required. 

The  point  I"  will  be  most  easily  obtained  on  tho  ground  by  the 
proportion  AD  :  AB  : :  AE  =  ^  AC  :  AF. 

The  altitude  of  AFD  of  course  equals  ^  ABC  ~  ^  AD. 

If  the  ti-iangle  k  to  be  divided  into  two  parts  horving  any  other 
ratio  to  each  other,  divide  AC  in  that  ratio,  and  then  proceed  as 
before.     Let  this  ratio  —  m  :  n,  then  AP  =  — — --.j- . 
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(5S3)  Next  suppose  that  the  trian- 
gle ABO  is  to  be  divided  into  three 
'Equivalent  parts,  meeting  at  D.  The 
dtitudes,  EF  and  GH,  of  the  parts 
4J)E  and  DCG,  ^11  be  obtained  by  M 
iividing  5  ABC,  by  half  of  the  respective  bases  AD  and  DC. 

If  one  of  these  quotients  gives  an  altitude  greater  than  that  of  the 
tiiangle  ABC,  it  will  shew  that  tlie  two  lines  DE  and  DG  would 
both  cut  the  same  side,  aa  in  Fig.  370,  in  fig.  sin. 

which  EF  is  obtained  as  aboTe,.aad  GH  = 
I  ABO  -T- 1  AD. 

In  practice  it  is  more  convenient  to  de- 
termine the  jiointa  F  anil  G,  by  these 
proportions ;  E       h  k 

BK  :  AK  : :  EF  :  AF;  and  BK  :  AK  : :  GH  :  AH. 

The  division  of  a  triangle  into  a  greater  number  of  parts,  bavin; 
any  ratios,  may  be  effected  in  a  similar  manner. 

(533)  This  problem  admits  of  a  more  elegant  solution,  analogou 
to  that  given  for  the  division  into  two  ^"'S'  '^'^^■ 

parts,  graphically.  Divide  AG  into 
three  equal  parts  at  L  and  M.  Join 
BD,  and  from  L  and  M  draw  paral- 
lels to  it,  meeting  AB  and  BO  in  E 
and  G.  Draw  ED  and  GD,  which  will  be  the  desired  1 
division.     The  figure  is  the  same  triangle  as  Fig.  369. 

The  points  E  and  G  can  be  obtained  on  the  ground  by  measur- 
ing AD  and  AB,  and  maMng  the  proportion  AD  :  AB  : :  ^  AC  :  AE, 
The  point  G  is  similarly  obtained. 

The  same  method  will  diride  a  triangle  into  a  greater  number 
of  parts. 

(5S1)  To  divide  a  triangle  into  four  equivalent  triangles  by 
lines  terminating  in   the   sides,  is  very  *~'S'  ^''~- 

easy.  From  D,  the  middle  point  of  AB, 
draw  DE  paraDel  to  AC,  and  from  F, 
the  middle  of  AC,  draw  FD  and  FE. 
The  problem  is  now  solved. 
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(535>  By  lines  passing  tiiroiigU  a  point  wiHiia  ilie  triangle. 

Let  D  be  a  given  point  (such  as  a  well,  ^^s-  '''■'^■^ 

&c.)  nithin  a  triangular  field  ABC,  from 
wliieh  fences  are  to  run  so  as  to  divide 
the  triangle  into  tii>o  equivalent  parts- 
Join  AD.     Take  E  in  the  middle  of  EC, 


and  from  it  draw  a  parallel  to  DA,  meeting  AC 
tlie  fe: 


EDFi3 


(536)  If  it  he  required  to  di- 
vide a  triangle  into  two  equiva^ 
lent  parts  by  a  straight  line  pass- 
ing through  a  point  within  it,  pro- 
ceed thus.  Let  P  be  the  given 
point.  From  P  draw  PD  paral- 
lel to  AC,  and  PE  parallel  to  PC. 
Bisect  AC  atF.  JoinFB.  From 
B  draw  BG  parallel  to  DF.  Then 
bisect  GO  in  H.  On  HE  de- 
scribe a  semicircle.  On  it  set  off 
EK  =  EC.  Join  KH.  Set  off 
HL  =  HK.  The  line  LM  drawn  ^---, 
from  L,  through  P,  will  be  the 
division  line  reqmred. 

This  figure  is  tie  same  as  that  of  Art.  (519).  The  triangle 
ABC  contains  62.35  acres,  and  the  distance  OL  =  27.31  chains, 
HE  in  the  example  in  that  article. 


(537)  Next  suppose  that  the  b-ian- 
gle  ABC  is  to  be  divided  into  three 
equivalent  parts  by  lines  starting  from 
a  point  B,  within  the  triangle,  given  by 
the  rectangular  co-ordinates  AE  and 
and  ED.  Let  ED  be  one  of  the  lines 
of  division,  and  E  and  G  the  other  points  required.  The  point  F 
will  be  determined  if  AH  is  known ;  AH  and  HF  being  its  rectan- 
gular co-oi-dinates.     From  E  let  fall  the  perpendicular  BK  on  AC. 
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other  point,  G,  is  determinecl  in  a  similar  manner, 

(538)  Let  DB,  instead  of  DE,  ^'-s-  ^^^ 

be  one  of  the  req;uired  lines  of 
division.  Divide  ^  ABC  by  half 
of  the  perpendicular  DH,  let  fall 
from  D  to  AB,  and  the  quotient 
will  he  the  distance  Bl''.  To  find 
G,  if,  as  in  this  figure,  the  trian-  &.^ 
g\e  BDO  (=  EC  X  ^  DK)  is  less  than  I  ABC,  divide  the  excess 
of  the  latter  (-whiyli  -will  he  CDG)  by  ^  DE,  and  the  quotient  will 
beCG. 

Example.  Let  AB  =  30.00 ;  BC  =-  45.00  ;  CA  =  50.00. 
Let  the  perpendiculars  from  D  to  the  sides  be  those ;  DE  =  10,00  ; 
DH  =  20.00 ;  DK  =  5.17J.  The  content  of  the  triangle  ABC 
will  be  666.6  square  chains.  Each  of  the  small  triangles  must 
therefore  contain  222.2  sq.  chs.,  BD  being  one  division  line.  We 
shall  therefore  have  BE  =  222.2  4-  ^  DH  =  22.2  chains.  EDO 
=^  45  X  ^  X  5.17^  =  116.4  sq.  chs.,  not  enough  for  a  second  por- 
tion, but  leaving  105.8  sq.  cha.  for  CDG ;  whence  CG  =  21.16 
chs.  To  prove  the  work,  calculate  the  content  of  the  remaining 
portion,  GDFA.  We  shall  findDGA  =  144.2  sq.  chs.,  and  ADF 
=  78.0  sq.  chs.,  mating  together  222.2  sq.  chs.,  as  required. 

The  scale  of  Fig.  876  is  80  chains  to  1  inch  =  1  :  23760. 

(fi3»)  Tlie  preceding  case  may  ^      Fig.  377. 

be  also  solved  graphically,  thus. 
TakeCL  =  ^AC.    Join  DL,  and 
from  B  draw  EG  parallel  to  DL. 
Join  DG.    It  will  be  a  second  li 
of  division,     Tlien  take  a  point, 
M,  in  the  middle  of  BG,  and  from  a^ 
it  draw  a  line,  MF,  parallel  to  DA.     DF  will  be  the  thii-d  Ime  of 
This  method  is  neater  on  paper  than  the  preceding ;  but 

3  convenient  on  the  ground. 
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(510)  Let  it  Lb  iBiiuued  tu  ilivicie 
the  triangle  ABG  into  thiee  eyuiva- 
lent  triangles,  bv  lines  dr,i,nn  from 
the  three  angular  pomts  to  bume  un- 
hiown  point  withmthe  tiiangle  This 
point  is  now  to  be  found  On  any  ' 
side,  s&  AB.  take  AD  =  ^  AB.  From  D  draw  DE  parallol  to 
AC.     The  middle,  P,  of  DE,  is  the  point  required. 

If  the  three  small  triangles  are  not  to  be  equivalent,  but  are  to 
have  to  each  other  tlie  ratios;:  m:  n:p,  i'ig.379. 

divide  a  aide,  AB,  into  parts  having 
these  ratios,  and  through  each  point 
of  division,  D,  E,  di-aw  a  parallel  to 
the  side  nearest  to  it.  The  intersec- 
tion of  these  parallels,  in  F,  is  the 
point  required.  In  the  figure  the  parts  ACF,  ABF,  BCF,  ar 
2:3:4. 


(all)  Let  ir  be  required  to  find 
the  jiosition  of  a  point,  D,  situated 
within  a  given  triangle,  ABC,  and 
equally  distant  from  the  points  A,  B, 
C ;  and  to  determine  the  ratios  to 
each  other  of  the  three  triangles  into  - 
which  the  given  triangle  is  divided. 

By  construction,  find  the  centre  of  tho  circle  passing  through 
A,  E,  C.    This  will  be  the  required  point. 

By  calculation,  the  distanceDA  =  DB  =  DC  =  ^^^^-^^, 
•>  '  4  X  area  ABC 

Ihe  three  small  triangles  will  be  to  each  other  as  the  sines  of  their 

angles  at  D ;  i.  e.  ADB  :  ABC  :  BBC  : :  sin.  ADB  :  sin.  ADC  : 

sin.  BDC.     These  angles  are  readily  found,  since  the  sine  of  half 

of  each  of  them  equals  the  opposite  side  divided  by  twice  one  oi 

tlie  equal  d 
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(542)  By  lUe  sliortest  possiMc  line.    Let  it  bo 

required  to  divide  the  triangle  ABC  hy  the  short 
eat  possible  line,  DE,  into  two  parts,  which  shall 
bo  to  eafih  other  ::  m  :n;  or  DBE  :  ABC  : :  m 

From  the  smallest  angle,  B,  of  the  triangle, 
measure  along  the  sides,  EA  and  BC,  a  distance 

ED  =  EE=y(^-x  ABxBc).    BEistho 

line  required.     It  is  perpendieulai-  to  the  line  BF  vhich  bisecta 

the  angle  ABC ;  and  it  is  =  —~  J(--~  X  AB  x  Bc)  ■ 
°  cos.  ^  Is  \'  \m  4-  K  ' 

DIVISION    OF    RECTANGLES. 

(54S)  By  lines  parallel  to  a  side.  Divide  two  opposite  sides 
into  the  reqiured  number  of  parts,  either  equal  or  in  any  ^vea 
ratio  to  each  other,  and  the  lines  joining  the  points  of  division  will 
be  the  lines  desired, 

The  same  method  is  applicable  to  any  parallelogram. 

Examiple.     A  rectangular  field  ^'i-  ^^~- 

ABCD,  measuring  15.00  chains 
by  8.00,  is  bought  by  three  men, 
who  pay  respectively  $300,  $400 
and  $500.  It  is  to  be  divided 
among  them  in  that  proportion. 
Ans.  The  portion  of  the  first, 
AEE'B,  is  obtained  by  maldng  the  proportion  300  +  400  +  500  : 
300  : :  15.00  :  AE  =  3.75.  EF  is  in  like  manner  found  to  be 
5.00 ;  and  FD  =  6.25.  BE'  is  made  equal  to  AE ;  E'F'  to  EF ; 
and  F'C  to  FD.  Fences  from  E  to  E',  and  from  F  to  F',  ivill 
ilivide  the  land  aa  required. 

Tho  sealo  of  the  figure  is  10  chains  to  1  inch  =  1 :  7920. 

The  other  modes  of  dividing  up  rectangles  will  be  given  undei 
the  head  of"  Quadrilaterals,"  Art.  (518),  &c. 
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DIVISION    OF    TRAPEZOIDS. 

(S'J-i)  By  lines  parallel !«  tlic  bases.     Given  the  lasea  and  a 
tliird  side  of  the  trapezoid,  ABCD,  to  he  Fig  383. 

divided  into  two  parts,  such  tliat  BCFE  :         r c 

EFDA  i-.m-.n.  I  j 

The  length  of  the  desired  dividing  line,         h\  I 


EF 


~V(^ 


The  distance  I 


n  +  n 

_AB  (EF  — BC) 
AD  — BO      ■ 
Examjile.     Let  AD  =  30  chains ;  BC  = 
20  chs.  ;  and  A^  ^  64^  cha. ;  and  the  parts 
to  be  as  1  to  2;   required  EF  and  BE. 
Ans.     EF  =  23.80  ;  and  BE  =  20.65. 

The  figure  is  on  a  scale  of  30  eliains  to  1 
inch  =  1 :  23T60. 


(515)  Given  the  hases  of  a  trapezoid,  and  the  perpendicular 
distance,  BH,  between  them ;  it  is  required  to  divide  it  as  before, 
and  to  find  EF,  aiid  the  altitude,  EG,  of  one  of  the  parts.  Let 
BCxBH  , 


ECFE  :  EFDA  -.'.m-.n.     Then  BG 


If    m  2 

EP  =  BO  +  EG  X 


AD— BO 
ABCD  X  BH  ,  /BG  x  BH' 


+ 


AD  — BG 
AD  —  BC 


\AD  — BC/  J 


BH 


Example.  Let  AD  =  30.00;  EC  =  20.00  ;  BH  =  54,00; 
and  the  two  parts  to  be  to  each  other  : :  4S  :  89. 

The  above  data  ^ve  the  content  of  ABCD  =  1350  squai-o 
chains.  Substituting  these  numbers  in  the  above  fonnula,  ire  obtain 
EG  =  20.96,  and  EF=  23.88. 

(548)  By  lines  starling  fi-om  points  in  a  side.  To  divide  a 
trapezoid  into  parts  equivalent,  or  haying  any  ratios,  divide  its 
parallel  sides  in  the  same  ratios,  and  join  the  corresponding  points. 
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If  it  be  ako  required  that  the  division  lines  shall  start  froic 
yiven  points  on  a  side,  proceed  ^'o;  384. 

thus.  Let  it  be  required  to 
divide  the  trapezoid  ABOD 
into  three  equivalent  parts  by 
fences  starting  from  P  and  Q 
Divide  the  trapezoid,  as  above 
directed,  into  three  equivalent  ^ 
trapezoids  by  the  lines  EF  and  GfH.  These  three  trapezoids  ma 
now  be  transformed,  thus.  Join  EP,  and  from  E  draw  ER  paral 
lei  to  it.     Join  PR,  and  it  ivill  be  one  of  the  divbion  lines  required. 

The  other  division  Ime,  QS,  is  obtained  similarly. 


Eor  other  cases  ;f  dividing  trapniiOiis, 
given  in  the  following 


(5«)  Other 

apply  those  for 
articles.* 

DIVISION    OF    QUADRILATERALS. 
(54S>  By  lines  i«irallel  to  a  side.    Let  ABCL  be  a  quadrila 
teral  which  it  is  required  to  Fig.  ass. 

divide,  by  a  line  EF,  paral-  g 

lei  to  AD,  into  two  parts,  /I"', 

BEFC   and   EEDA,  which  ..'''  •  '\ 

shall  be  to  each  other  as  _.''       ' 

m:n.    Prolong  AB  and  CD  /''         \ 

to  intersect  in  G.  Let  a  be 
the  area  of  the  triangle 
ADO-,  obtained  by  any  me- 
thod, graphical  or  trigono- 
metrical, and  a'  =  the  area  ^ 
of  the  tnangle  BCG,  obtained  by  subtracting  the  area  of  the  given 
quadrilateral  from  that  of  the  triangle  ADG.     Then  GK  =  GK 

/((r+.T3-  *™°° 

GII,  set  off  at  K  a  perpendicular  to  GK,  and  it  will  be  the  required 
line  of  dimion. 

•  If  a  line  be  drawn  joining  the  middle  points  of  the  parallel  bases  of  a  trapa 
icid,  anj/  line  drawn  through,  the  raiddla  of  tho  first  line,  and  meeting  the  paial 
Ifll  bases,  will  diTide  the  trapezoid  into  two  equivalent  pacts. 


K 

7\  '•■         ''' 

i\ 

B' 

M 

%  measured  this  length  of  GK  from  G  on 


Hosted  by 


Google 


OHAP.  III.]  RiTifiliig  np  Lauili 

Otherwise,  take  GE  =  GA.// """+—)  ; 


anil  from  E  ran 


0  to  be  equivalent,  m  —n, 
antl   consequently   CiE   to 


a  parallel  to  AD. 

If  the  tvro  parts  of  the  quadrilateral  wei 

ana  Ave  have  GK  =  Gil    /^i±-^J  ; 

GA  in  the  same  ratio. 

Example.  Let  a  quadrilateral,  ABCD,  be  required  to  be  thua 
livided,  and  let  its  angles,  B  and  C,  be  given  by  rectangular  co-ordi- 
nate, viz :  AB'  =  6.00 ;  B'B  =  0.00 ;  DC  =  8.00 ;  CO  =  13.00 ; 
B'C  =  24.00.  Here  GH  is  readily  found  to  be  29.64 ;  ADG  = 
563.16  s<^uare  chains ;  aud  BGC  =  220.16  square  chains.  Heace, 
by  the  formula,  GK  =  24.72 ;  -whence  KH  =  GH  —  GK  =  4.92 ; 
and  the  abscissas  for  the  pointa  E  and  F  can  be  obtained  by  a 
simple  proportion. 

The  scale  of  the  figure  is  20  chains  to  1  inch  =  1 :  15840. 

If  the  quadrilateral  be  given  by  Bearings,  part  off  the  desired 
area  =  -^L-  .  ABCD,  by  the  formulas  of  Art.  (504). 

Suppose  now  that  a  quad- 
rilateral, ABCD,  is  to  be  di- 
vided into  f  equivalent  parts, 
by  lines  parallel  to  AD. 
Measure,  or  calculate  by  Tri- 
gonometry, AG.  Let  Q  be ' 
the  quadrilateral  ABCD,  and, 
as  before,  a'  =  BOG.     Then 

(  »■  +  Q  )  (  «'  +  Q  ) 

GN  =  AG  J  J  __i^  \  i  Sc. 
(  a'  +  Q  ) 
If  tlie  quadrilateral  be  given  by  Bearmga,  part  off,  by  Art.  (504), 
-  .  ABCD,  then  part  off  -  .  ABCD ;  &c. ;  so  in  any  similar  case. 
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(ai9)  By  lines  perpendicular  to  a  siile.     Let  ABCD  bo  a 
c^uadrilateral  which  is  to  be  divided,  hj  Fig,  387. 

a  line  perpendicular  to  AD,  into  two 
parts  having  a  ratio  =  m  :  n.  By  hypo- 
thesis, ABEF  =  -^  .  ABCD. 


Taldng  away  the  triangle  ABG,  the  ■'*  ^  ^  ■**■        ^ 

remainder,  GBEF,  will  be  to  tlie  rest  of  the  figure  in  a  knoivn 
ratio,  and  tlio  position  of  EP,  parallel  to  BG-,  wiU  bo  found  as  in 
the  last  article. 


(55ft)  By  lines  rauuiiig  in  any  given  direclioii.    To  divide 
a  quadrilateral  ABCD  into  two  parts  ::  m  :  n,  part  off  from  it  an 


ABCD,  by  the  methods  of  Arts.  (509)  or  (510), 
d  off  is  to  be  a  triangle,  or  Arts,  (511)  or  (512), 


m  +  n 
if  the  area  pai 
if  the  area  parted  off  is  to  be  a  quadrilateral. 

(551)  By  lines  siarting  from  an  angle.      ABCD  is  to 
divided,  by  the  lino  CE,  into  two  ^ig'  ^ss. 

parts  havmg  the  ratio  m  :  n. 
Since  the  area  of  the  ti-ianglo 
CDE  =  -^^  .  ABCD,  DE  will 

be  obtained  by  dividing  this  area 
by  half  of  the  altitude  CF, 

(552)  By  lines  starting  from  points  in  a  side>      Let  it    bo 

required  to  divide  ABCD  into  two  ^'S-  ^s"- 

parts  : ;  «i :  ?i,  by  a  line  starting  from 
the   point   E,     The   area  ABFE  is 

known,  (being  =  — -—  .  ABCD)  as         / 

also  ABE;  AB,  BE,  and  EA  be-  *— 
ing  given  on  the  ground.  EEF  Tvill  then  be  known  =  ABFE  -  - 
ABE.  Then  GrF  =  j^,  and  the  point  F  is  obtamed  by  running 
a  parallel  to  BE,  at  a  perpendicular  distance  from  it  =  GF. 
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To  divide  a  quadrilateral,  ABCD, 
graphically,  into  tieo  eguivalmt  parts 
by  a  line  from  a  point,  E,  on  a 
side,  proceed  thus.  Draw  the  diago- 
nal CA,  and  from  B  draw  a  parallel 
to  it,  meeting  DA  prolonged  in  J". 
Jlark  the  middle  point,  G,  of  FD. 
Join  GB.  From  C  draw  a  parallel  to  EG,  meeting  DA  in  H.  EH 
is  the  required  line.  The  quadrilateral  could  also  be  divided  in 
any  ratio  =  m  ;  m,  by  dividing  ED  in  that  ratio. 

If  the  quadrilateral  he  given  by  Bearings,  proceed  to  part  off 
the  desired  area,  as  in  Art.  (515)  or  (516). 

(533)  Let  it  be  required  to  divide  a  quadrilateral,  ABOD,  into 
iJiree  equivalent  parts. 
Erom  any  angle,  as  0, 
draw  CE,  parallel  to  DA. 
Divide  AD  and  EC,  each 
into  three  equal  parts,  at 

F,  E',  and  G,  G'.  Draw 
BE,  BE'.  Erom  G  draw 
GH,  parallel  to  FB,  and 
from  G'  draw  G'H',  pa-    "  ^  ^' 

rallel  to  E'B.     EH  and  F'll'  are  the  required  lines  of  division. 

Let  it  be  required  to  make  Fjg.  392. 

the  above  division  by  lines 
starting  from  two  given 
■points,  P  and  Q.  Reduce 
the  quadrilateral  to  an  equi- 
valent triangle  CBE,  as  in 
Art.  (87).  Divide  EB  into 
three  equal  parts  at  E  and 

G,  Join  CQ,  and,  from  G,  "  .  «  i-  »  ^  - 
draw  GK  parallel  to  it.  Join  CP,  and  from  E  draw  FL  parallel 
to  it.     Join  PL  and  QK,  and  they  will  be  the  division  lines  required. 

(534)  By  ikfs  passing  tbrougb  a  point  iFllliin  the  figure. 
Proceed  to  part  off  the  desired  area  as  in  Arts.  (519),  (520),  or 
(520j  according  to  the  eircumstanees  of  the  ca5c. 
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DIVISION  OF  POLYGONS. 
(355)  IS?  lines  running  in  any  directii>ii.  Let  AECDEFG  ba 
a  given  polygon,  and  EH  tlie  di- 
rection parallel  to  -wMch  is  to  be 
drawn  a  line  PQ,  dividing  the 
polygon  into  tivo  parta  in  any  de- 
sired ratio  =  m:w.     The   area 


-^^  .  AECDEFG. 
m  +  n 

Takmgitfrom  the  area  ECDEH, 

the  remainder  ivill  he  the  area 

EPQH.        The       quadrilateral   , 

BCBH,  C.E  being  supposed  to  be  drawn,  can  then  be  divided  by 

the  method  of  Art.  (548),  into  two  parts,  EPQH  and  PQEC, 

having  to  each  other  a  known  relation. 

If  LK  were  the  ^ven  direction,  at  right  angles  to  the  former, 

the  position  of  a  dividing  line  RS  could  be  similarly  obtained. 

(536)  Sy  lEues  smarting  Trom  an  angle.    Produce  one  side,  AB 

Fig.  394. 


of  the  given  polygon,  both  ways,  and  reduce  the  polygon  to  a  single 
equivalent  triangle,  XTZ,  by  the  method  of  Art,  (82).  Then 
divide  the  base,  XY,  in  the  required  ratio,  as  at  W,  and  draw 
-  ZW,  which  will  be  the  division  line  desired.  In  this  figure  the 
polygon  is  divided  into  two  equivalent  parts. 
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If  the  division  line  should  pass  outside  of  tho  polygon,  as  does 
ZP,  tlii-OLigli  P  draw  a  parallel  to  33Z,  meeting  the  adjacent  side 
cpf  tho  polygon  in  Q,  and  ZQ  will  te  the  dirision  line  desired. 

<55J)  By  U«cs  starting  from  a  point  oh  a  sM2.  See  Articles 
(517)  and  (518)  in  the  preceding  chapter. 


(558)  By  lines  passlag  tliroug'ii  a  point  iFithhi  the  figure. 

Part  off,  a3  in  Arts.  (519)  or  (522)  in  the  preceding  chapter, 
if  a  straight  line  be  required ;  or  by  guess  lines  and  the  addition 
of  triangles,  as  in  Art.  (538)  of  this  chapter,  if  the  Imos  have 
merely  to  start  from  the  point,  such  as  a  spring  or  well. 

(359)  Other  probleinSi  The  tbllowing  is  from  Gummere's  Sur- 
veying. Question.  A  tract  of  land  is  Fig.  395. 
bounded  thus:  N.  85|o  E.,  23.00;  K. 
75i°  E.,  30.50 ;  S.  8^^  E.,  46.49 ;  N. 
06^0  W.,  49.64.  It  is  to  be  divided  into 
four  eqtdvalent  parts  by  two  straight  lines, 
one  of  which  is  to  run  parallel  to  the  third 
side ;  required  the  distance  of  the  parallel 
division  iuie  from  the  first  comer,  niea- 
aured  on  the  fourth  side ;  also  the  Bearing 
of  the  other  division  Ime,  and  its  distance  from  the  same  comer 
measured  on  the  first  side.  Ans.  Distance  of  the  parallel  divi- 
sion line  from  the  first  corner,  32.50 ;  the  Bearing  of  the  other, 
S.  88°  22'  E.;  and  its  distance  from  the  same  corner  5.99. 

The  scale  of  the  figure  is  40  chains  to  1  inch  =  1 :  31680. 


An  indefinite  number  of  problems  on  this  subject  might  be  pro- 
posed, hut  they  would  he  matters  of  curiosity  rather  than  of  utility, 
and  exercises  in  Geometry  and  Trigonometry  rather  than  in  Sur- 
veying ;  and  the  youngest  student  will  find  his  life  too  short  for 
even  the  hastiest  survey  of  merely  the  most  fruitful  parts  of  the 
boundless  field  of  Mathematics. 
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PART  xir. 


THE    PUBLIC   LANDS 
OF  THE    UNITED   STATES/ 

(560)  KeMral  systCHli  The  Public  Lands  of  the  Tmted  Statea 
of  Amei^ca  are  generally  divided  and  laid  out  into  st[uaarea,  tlie 
sides  of  which  run  truly  North  and  South,  or  East  and  West. 

This  ii3  effected  by  means  of  Meridian  lines  and  Parallels  of  Lati- 
tude, established  sis  miles  apart.  The  principal  meridians  and  base 
lines  are  established  astronomically,  and  the  intermediate  ones  are 
run  with  chain  and  eompass.  The  squares  thus  formed  are  caUed 
Townships.  They  contain  36  square  miles,  or  23040  acres,  "  aa 
nearly  as  may  be."  The  map  on  the  opposite  page  represents  a 
portion  of  the  Tenitory  of  Oregon  thus  Md  out.  The  scale  is  10 
miles  to  1  inch  =  1 :  633600.  On  it  will  be  seen  the  "Willamett* 
Meridian,"  running  truly  North  and  South,  and  a  "  Base  line," 
which  is  a  "  Parallel  of  Latitude,"  running  truly  East  and  West. 
Parallel  to  these,  and  six  miles  from  them,  arc  other  lines,  forming 
Townships.  All  the  Townships,  situated  North  or  South  of  each 
»clier,  form  a  Eangh.  The  Kanges  are  named  by  their  number 
East  or  West  of  the  principal  Meridian.  In  the  figure  are  seen 
three  Ranges  East  and  West  of  the  Willamette  Meridian.  They  are 
noted  as  R.  I.  E.,  R.  L  W.,  &c.  The  Townships  in  ea«h  Range 
are  named  by  their  number  North  or  South  of  the  Base  line.     In 

"  The  Bubatance  of  this  Part  is  mainly  taken  from  "  Instructions  to  the  Sarveyui- 
Goneral  of  Oregon,  being  a  Manual  fop  Field  Operations,"  prepatecl,  in  MdvoIi, 
185 1,  by  John  M.  .Moore^  "  Priacipal .  Clerk  of  Surveys,"  by  direclion  of  Hon. 
J.  Butlei'iielil,  "  Oomtnisdoner  of  the  Geaersl  Land  Office,*'  aod  cotauxaoicsted  ti 


the  author  by  Hon.  John  Wilson,  the  ^reannt  OommiiSisioner.  Tha  aim  of  liio 
"  luatroulioiis"  is  stated  lo  be  "  siiupliijity,  uaiformily  and  permanency."  They 
leem  admirably  adapted  for  these  objects,  and  the  lasting  importance  of  (he  subject 
in  this  counciy  has  led  the  author  lo  reproduce  about  half  of  them  in  this  place. 
They  were  subsequently  directed  to  be  adopted  for  Ihe  Sui'veying  seivico  iu 
Minnesota  and  California. 
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the  figure  along  the  principal  Meridian  are  seen  four  Nortb 
and  five  South  of  the  Base  line.  They  are  noted  as  T.  1  N., 
T.  2  N.,  T.  1  S.,  &C.'' 

Each  Township  is  divided  into  36  Sec- 
tions, each  1  mile  square,  and  therefore 
containing,  "  as  nearly  as  may  he,"  640 
acres.  The  sections  in  each  Toivnsliip  are 
numbered,  aa  in  the  margin,  from  1  to  86, 
be^nning  at  the  North-east  angle  of  the 
TownsUp,  and  going  West  from  1  to  6, 
then  East  from  7  to  12,  and  so  on  alter-  " 

nately  to  Section  36,  whicli  iriU  ho  in  the  South-east  angle  of  the 
Township.  The  Sections  ai-e  sub-divided  into  Quarter-sections, 
half-ar-mile  square,  and  containing  160  acres,  and  sometimes  into  half- 
quarter-sectlona  of  80  acres,  and  quarter-quarter-eectionB  of  40  acres, 

By  this  heautiful  system,  the  smallest  subdiTision  of  land  can  he 
at  once  designated ;  such  as  the  North-east  quarter  of  Section  31, 
in  Township  two  South,  in  range  ftoo  East  of  Willamette  Meridian. 
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(561)  BiiGcuItyi  "  The  law  requires  that  the  lines  of  the 
public  surveys  shall  be  governed  hy  the  true  meridian,  and  that 
the  townships  shall  be  six  miles  square, — two  things  involving  in 
connection  a  mathematical  impossibility — for,  strictly  to  conform 
to  the  meridian,  necessarily  throws  the  township  out  of  square,  hy 
reason  of  the  eonverffene^  of  meridians;  hence,  adhering  to  the 
true  meridian  renders  it  necessary  to  depart  from  the  strict  require- 
ments of  law  as  respects  the  precise  area  of  townships,  and  the 
subdivisional  parts  thereof,  the  township  assuming  something  of  a 
trapezoidal  form,  which  inequality  devclopes  itself,  more  and  moro 
as  such,  the  higher  the  latitude  of  the  surveys.  In  view  of  these 
circumstances,  the  law  provides  that  the  sections  of  a  mile.square 
shall  contain  the  quantity  of  640  acres,  as  nearly  as  may  be  ;  and, . 
moreover,  provides  that  '  In  all  cases  where  the  exterior  lines  of 
the  townships,  thus  to  be  subdivided  into  sections  or  half-sections, 
shall  exceed,  or  shall  not  extend,  six  miles,  the  excess  or  deficiency 


•  The  I 
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sliall  l>e  specially  noted,  and  added  to  or  deducted  from  the  tvestem 
or  northe7-n  ranges  of  sections  or  half-sections  in  such  toivnsliip, 
aficording  as  the  error  may  be  in  running  the  lines  fitnn  east  to 
west,  or  from  south  to  north.'  " 

"  In  order  to  throw  the  excesses  or  deficiencies,  as  the  case  may 
be,  on  the  noi'th  and  on  the  west  sides  of  a  township,  according  to 
law,  it  is  necessary  to  survey  the  section  lines  from  south  to  north 
on  a  true  meridian,  leaving  the  result  in  the  northern  line  of  the 
township  to  be  governed  hy  the  convexity  of  tlie  earth  and  the 
convergency  of  meridians," 

Thus,  suppose  the  land  to  be  surveyed  lies  between  46°  and  47*^ 
of  North  Latitude.  The  length  of  a  degi-ee  of  Lon^tude  in  Lat. 
46°  N.  is  taken  as  48.0705  statute  miles,  and  in  Lat.  47°  N.  as 
47.1944.  The  difference,  or  convergency  per  square  degree  = 
0.8761  =  70.08  chains.  The  convergency  per  Kange  (8  per 
degree  of  Longitude)  equals  one-eighth  of  this,  or  8.76  chains; 
and  per  Township  (11^  per  degree  of  Latitude)  equals  the  above 
divided  by  11^,  i.  e.  0.76  chain.  "VVe  therefore  know  that  the 
width  of  the  Townships  along  then:  Northern  line  is  76  links  less 
than  on  their  Southern  line.  The  townships  North  of  the  base  Ime 
therefore  become  narrower  and  narrower  than  the  six  mile  width 
with  which  they  start,  by  that  amount ;  and  those  South  of  it  as 
much  wider  than  six  miles, 

"  Stasdakb  Parallels  (usually  called  eorrection  lines),  are 
established  at  stated  intervals  (24  or  30  miles)  to  provide  for  or 
counteract  the  error  that  otherwise  would  result  from  the  conver- 
gency of  meridians ;  and,  because  the  public  surveys  have  to  be 
governed  by  the  true  meridian,  such  lines  serve  also  to  arrest  error 
arising  from  inaccuracies  in  measurements.  Such  lines,  when  lying 
north  of  the  principal  base,  themselves  constitute  a  base  to  the  sur- 
veys on  the  north  of  them ;  and  where  lying  south  of  the  prin- 
cipal base,  they  constitute  the  base  for  the  surveys  south  of  them.'' 

The  convergency  or  divergency  above  noticed  is  taken  up  on 
these  Correclion  lines,  from  which  the  townshijis  start  again  with 
their  proper  widths.  On  these  therefore  there  are  found  Doulh 
Corners,  both  for  Townships  and  Sections,  one  set  being  the 
Closing  Comers  of  the  surveys  ending  there,  and  the  other  set 
being  the  Standj'jrd  Comers  for  the  surveys  starting  there. 
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(562)  Running  Townsliip  lines.  "  The  principal  meridiaii,  tlio 
base  line,  and  the  standard  parallels  having  been  fii-st  astronomi- 
cally run,  measured,  and  marked,  according  to  instructions,  on  true 
meridians,  and  true  parallels  of  latitude,  tlie  process  of  running, 
measuring,  and  marking  the  exterior  lines  of  townships  will  be  as 
follows. 

Townships  sitiiaUd  horth  of  the  iase  line,  and  west  of  tJie 
principal  meridian."  Commence  at  No,  1,  being  the  southwest 
corner  of  T.  1  N. —  R.  1  W.,  as  estoblished  on  the  base  line; 
thence  run  north,  on  a  true  meridian  line,  four  hundred  and  eighty 
chidns,  establishing  the  mile  and  half-mile  corners  thereon,  as  per 
instructions,  to  No.  2,  (the  northwest  comer  of  the  same  township), 
whereat  estabhsh  the  comer  of  Tps.  1  and  2  N. — Rs.  1  and  2 
W, ;  thence  east,  on  a  random  or  trial  line,  setting  temporary  mile 
and  half-mile  stakes  to  No.  S,  (the  northeast  comer  of  the  same 
township),  where  measure  and  note  the  distance  at  which  the 
line  intersects  the  eastern  boundary,  north  or  south  of  the  tnis 
or  established  corner.  Rmi  and  measure  wes^aard,  on  tlie  true 
line,  (taking  care  to  note  all  the  land  and  water  crossings,  &c.,  as 
per  mstruclions),  to  No.  4,  which  is  identical  with  No.  2,  establish- 
ing the  mile  and  half-mile  permanent  corners  on  said  luie,  the 
last  half-mile  of  which  will  fall  short  of  being  forty  chains,  by  about 
the  amount  of  the  calculated  convergency  per  township,  76  linka 
in  the  case  above  supposed.  Should  it  ever  happen,  however,  tliat 
such  random  line  materially  falls  short,  or  overruns  in  length,  or 
intersects  the  eastern  boundary  of  the  township  at  any  considerable 
distance  from  the  true  corner  thereon,  (either  of  which  would  indi- 
cate an  important  error  in  the  surveying) ,  the  lines  must  be  retraced, 
even  if  found  necessary  to  reraeasure  the  meridional  boundaries  of 
the  township  (eapeciaUy  the  western  boundary),  so  as  to  discover 
and  coiTect  the  error;  in  doing  which,  the  true  comers  must  be 
estafcliahed  and  marked,  and  the  false  ones  destroyed  and  oblite- 
rated, to  prevent  confusion  in  future ;  and  all  the  facts  must  be 
distinctly  set  forth  in  the  notes.  Thence  proceed  in  a  similar 
manner  north,  from  No;  4  to  No,  5,  (the  N.  W.  comer  of  T.  2  N. 
— B.  1  W.),  east  from  No,  5  to  No.  6,  (the  N.  E.  comer  of  the 
same  township),  west  from  No.  6  to  No.  7,  (the  same  as  No,  6), 
north  from  No.  7  to  No.  S,  (the  N.  W.  comer  of  T.  3  N.,  R.  1 W.), 
cast  from  No.  8  to  Na.  9,  (the  N,  E,  comer  of  same  township),  and 
thence  west  to  No.  10,  (the  same  as  No.  8),  or  the  southwest  corner 
T,  4  N, — R,  1  W.  Thence  north,  still  on  a  true  meridian  line, 
establishing  the  mile  and  half-mile  comers,  until  reachmg  the 
STANDARD  PARALLEL  or  coi^rcction  line,  (which  is  here  four  town- 
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flhips  north  of  the  base  line);  throwing  the  excess  over,  or  deficiency 
under,  four  hundred  and  eighty  ehaiTis,  on  the  last  half-mile, 
according  to  law,  and  at  the  intersection  establishing  the  "  CLOSING 
COBKER,"  the  distance  of  which  from  the  standard  corner  must  he 
measured  and  noted  as  required  by  tie  instructiona.  -  But  should 
it  ever  so  happen  that  some  impassable  barrier  will  have  prevented 
or  delayed  tlie  extenaon  of  the  standard  parallel  along  and  above 
the  field  of  present  survey,  then  the  surveyor  wUl  plant,  in  place, 
the  corner  for  the  township,  subject  to  correction  thereatler,  should 
Buch  parallel  be  extended. 

Townships  situated  horth  of  the  base  line,  and  east  of  the 
principal  meridian.  Commence  at  Ho.  1,  being  tie  southeast 
comer  of  T.  1  N. — R.  1  E.,  and  proceed  as  with  townships  situa- 
ted "  north  and  west,"  except  that  the  random  or  trial  lines  will  be 
run  and  measured  west,  and  the  true  lines,  east,  throwing  the 
excess  over  or  deficiency  under  four  hundred  and  eiglity  chains  on 
the  west  end  of  the  line,  as  required  by  law ;  wherefore,  tie  sur- 
veyor will  commence  his  measurement  with  tie  lengti  of  the  defi- 
cient or  excessive  half-section  boundary  on  tlie  west  of  the  toivn- 
fihip,  and  thus  the  remaining  measurements  will  all  be  even  miles 
and  half-miles. 

Townships  situated  SOUTH  of  the  base  line,  and  west  of  the 
principal  m&ndian.  Commence  at  No.  1,  the  jwrt/mest  comer 
.  of  township  1  S.,  range  1  W-,  and  proceed  due  south  in  running 
and  measuring  line,  establishing  and  marking  the  mile,  half-mile, 
and  township  comers  thereon,  precisely  in  the  method  prescribed 
for  running  north  and  west,  with  the  exception  that,  in  order 
to  throw  the  excess  or  deficiency  (over  or  under  four  hundred  and 
eighty  chains)  of  the  western  boundaries  of  such  of  those  townships 
as  close  on  the  standard  parallel  on  the  south,  npon  the  most 
northern  ?ialf-mile  of  the  townships,  according  to  law,  the  proceed- 
ing will  be  as  follows. 

'Xhe  western  (meridional)  boundary  line  of  every  township, 
closing  .on  ike  standard  parallel,  (being  sverj  fifth  one  in  this 
case),  will  be  carefully  run  south,  on  a  true  meridian,  untii  it  inter- 
sects the  standard,  planting  stakes  and  making  distinctive  marks 
on  line  trees,  in  sufficient  number  to  serve  as  guides  in  afterwards 
retracing  the  line  nortJi  with  ease  and  certainty.  At  the  point  of 
the  tine's  intersection  of  the  standard,  the  surveyor  will  establisli 
the  "  closing"  (southwest)  comer  of  the  township,  noting  in  his 
field-book  its  distance  and  direction  from  the  "  standard  comer." 
Then  starting  from  such  "  closmg  comer,"  he  will  proceed  north 
on  tlie  line  identified  by  the  guide  stakes  and  marks,  measuring 
euch  line,  and  establishing  thereon  the  mile  and  half-mile  stations, 
and  noting,  as  he  goes,  all  the  land  and  water  cTOssings,  &c. 
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Townships  situated  sodtii  0/  the  base  line,  and  east  of  the 
principal  meridian.  Commence  at  No.  1,  at  the  northeast  comer 
of  township  1  S.,  range  1  B.,  and  proceed  precisely  as  ^vith  the 
townahipa  situated  "  south  and  west,"  except  that  the  random 
lines  Tvill  be  run  and  measured  west,  and  the  true  lines  east;  the 
defieieney  or  excess  of  the  measurements  being,  as  in  all  other 
cases,  thrown  upon  the  meet  western  half-mile  of  Ime," 

(563)  Riiiiiiiug  Scctiou  liucSt  The  interior  or  sectional  lines 
of  all  townships,  however  situated  in  reference  to  the  Ease  and 
Meridian  lines,  are  kid  off  and  surveyed  aa  below. 
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In  the  above  Diagram,  the  squares  and  large  figures  repre- 
sent sections,  and  the  small  figures  at  their  corners  are  those 
referred  to  in  the  following  directions. 

"  Commence  at  No.  1,  (see  small  figures  on  diagram),  the  cor- 
1  the  township  boundary  for  sections  1, 2, 35,  and 
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36 ;  thence  run  Jiorth  on  a  true  meridian ;  at  40  cliaiiis  setting 
the  half-mile  or  quarfcerisectioii  post,  and  at  80  chains  (No.  2) 
establishing  ancl  marking  the  eoraer  of  sections  25, 26, 35,  and  36. 
Thence  east,  on  a  random  hne,  to  No.  3,  setting  the  temporary 
quarter-section  post  at  40  ch^s,  noting  the  measurement  to  No,  3, 
and  the  measured  distance  of  the  random's  intersection  nortJi  or 
south  of  the  true  or  estahlishetl  corner  of  sections  25,  36,  SO,  and 
Slj  on  the  township  boundary.  Thence  correct,  west,  on  the  true 
line  to  No.  4,  setting  the  quarter-section  post  on  this  line  exactly 
at  the  equidistant  point,  now  known,  between  the  section  comers 
indicated  hj  the  small  figures  Nos.  8  and  4.  Proceed,  in  like 
manner,  from  No.  4  to  No.  5,  5  to  6,  6  to  7,  and  so  on  to  No.  16, 
the  comer  to  sections  1,  2,  11,  and  12,  Thence  north,  on  a  ran- 
dom line,  to  No.  17,  setting  a  temporary  quarter-section  post  at  40 
chains,  noting  the  length  of  the  whole  line,  and  the  measured  dis- 
tance of  the  random's  intersection  east  or  west  of  the  true  corner 
of  seotiona  1,  2,  35,  and  36,  established  ou  the  to'^Tiship  boundary , 
thence  southwardly  from  the  latter,  on  a  true  line,  noting  the 
course  and  distance  to  No.  18,  the  established  comer  to  sections 
1,  2,  11,  and.  12,  taking  care  to  establish  the  quarter-section 
comer  on  the  true  Sine,  at  the  distance  of  40  chains  from  said  sec- 
tion comer,  so  as  to  throw  the  excess  or  defisiency  on  the  northern 
half-mile,  according  to  law.  Proceed  in  like  manner  through  all 
the  intervening  tiers  of  sections  to  No.  73,  the  comer  to  seotiona 
31,  32,  5,  and  6  ;  thence  north,  on  a  trae  meridian  hne,  to  No. 
74,  establishing  the  quarter-section  comer  at  40  chains,  and  at  80 
chains  tlie  comer  to  sections  29,  30,  31,  and  32 ;  thence  etisi^^on 
a  random  line  to  No.  75,  settmg  a  temporary  quarter-section  post 
at  40  chains,  noting  the  measm-ement  to  No.  75,  and  the  distance 
of  the  random's  intersection  north  or  south  of  the  established  comer 
of  sections  28,  29,  32,  and  33  ;  thence  west  from  said  comer,  on 
the  trae  line,  setting  the  quarter^ection  post  at  the  equidistant 
pomt,  to  No.  76,  which  is  identical  with  74 ;  thence  west,  sn  a 
random  line,  to  No.  77,  setting  a  temporary  quartei^ection  post 
at  40  chains,  noting  the  measurement  to  No.  77,  and  the  distanca 
of  the  random's  interaection  with  the  western  boundary,  nortli  oi 
south  of  the  established  corner  of  sections  25,  36,  30,  and  31 ;  and 
from  No.  77,  correct,  eastward,  on  the  true  line,  giving  its  course, 
bat  estahlishing  the  quarter-section  post,  on  this  line,  so  aa  to 
retain  the  distance  of  40  chains  from  the  comer  of  sections  29, 
30,  31,  and  32 ;  thereby  throwing  the  excess  or  deficiency  of  mea- 
Buroment  on  the  most  ivestern  half-mile.  Proceed  north,  in  a  simi- 
lar manner,  from  No.  78  to  79,  79  to  80,  80  to  81,  and  so  on  to 
96,  the  south-east  comer  of  section  6,  where  having  established  the 
comer  for  sections,  5,  6,  7,  and  8,  run  thence,  successively,  an 
24 
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random  line  east  to  95,  north  to  67,  and  west  to  99 ;  and  by 
reverse  courses  correct  on  true  Unm  back  to  said  south-east  comer 
of  section  6,  establishing  the  quarfceivsection  corners,  and  noting 
the  courses,  distances,  &c.,  as  before  described. 

In  townships  contiguous  to  standard  parallels,  the  above  method 
will  be  varied  as  follows.  In  every  township  south  of  the  princi- 
pal base  line,  which  closes  on  a  standard  parallel,  the  surveyor  will 
begin  at  the  south-east  comer  of  the  township,  and  measure  west  on 
the  standard,  establishing  thereon  the  mile  and  half-mUe  comers, 
and  noting  their  distances  from  the  pre-established  corners.  He 
then  will  proceed  to  subdivide,  as  direetod  under  the  above  head. 

In  the  townships  hoexh  of  the  principal  base  line,  -which  close 
on  the  standard  parallel,  the  sectional  lines  must  be  closed  on  the 
standard  by  tiue  meridians,  instead  of  by  course  lines,  as  directed 
under  the  above  head  for  townships  otherwise  situated ;  and  the 
connexions  of  the  closing  comers  witJi  the  pre-established  standard 
comers  are  to  be  ascertained  and  noted.  Such  procedure  does 
away  with  any  necessity  for  mnning  the  randoms.  But  in  case 
he  is  unable  to  close  the  lines  on  account  of  tiie  standard  not  hav- 
ing been  run,  from  some  inevitable  necessity,  as  heretofore  men- 
tiond,  he  will  plant  a  temporart/  stake,  or  mound,  at  tlie  end  of  the 
sixth  mile,  thus  leaving  the  lines  and  their  connexions  to  be  finished, 
and  the  permanent  comers  to  be  planted,  at  such  time  as  the 
standard  shall  be  extonded." 

(56J)  Exceptional  mctliOils>  Departures  from  the  general  sys- 
tem of  3uT)dividing  public  lands  have  been  authoriaed  by  law  in 
certain  cases,  particularly  on  water-fronts. 

ThiK,  an  act  of  Congress,  March  3, 1811,  authomcd  the  sur- 
veyors of  Lousiana,  "  in  surveying  and  dividing  such  of  the  pub- 
lic lands  in  the  said  territory,  which  are  or  may  be  authoi-ized 
to  be  surveyed  and  divided,  as  are  adjacent  to  any  river,  lake, 
creek,  bayou,  or  water  course,  to  lay  out  the  same  into  tracts,  aa 
far  as  practicable,  of  fifty-eight  poles  in  front,  and  four  hundred 
ftnd  sixty-five  poles  in  depth,  of  such  ^ape,  and  bounded  by  such 
lines,  as  the  nature  of  the  country  will  render  practicable  and  most 
convenient."  Another  act,  of  May  24,  1824,  authorizes  lands 
similarly  situated  "to.be  surveyed  in  tracts  of  two  aores  in  width, 
fronting  on  any  river,  bayou,  lake,  or  -water  course,  and  running 
back  the  depth  of  forty  acres ;  which  tracts  of  land,  so  surveyed, 
Bhall  be  offered  for  sale  entire,  instead  of  in  half-quartor-sections." 

The  "  Instructions  "  from  which  i^e.  have  quoted  say,  "  In  those 
localities  where  it  would  best  subserve  the  interests  of  the  people 
to  have  fronts  on  the  navigable  streams,  and  to  mn  back  into  the 
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uplands  for  quantity  and  timber,  tlie  principles  of  the  a«t  of  May 
iiith,  1824,  may  be  adopted,  and  jou  are  authorized  to  enlarge  the 
quantity,  eo  as  to  embrace  four  aorea  front  by  forty  in  depth,  form 
ing  tracts  of  one  humilrect  and  sisty  acres.  Bat  in  so  doing  ifc  ia 
designed  only  to  survey  the  lines  between  evert/  four  lots,  (or  640 
a«res),  but  to  establish  the  boundary  posts,  or  mounds,  in  front 
and  in  rear,  at  the  distances  reqarat*  to  secure  the  quaiitity  of  1(30 
acres  to  eaeh  lot,  either  rectangularly,  when  practicable,  or  at 
oblique  angles,  when  otherwise.  The  angle  is  not  important,  so 
that  the  principle  be  maintained,  as  far  as  practicable,  of  making 
the  work  to  square  in  the  rear  with  the  regular  sectioning. 

The  numbeiing  of  all  anomalous  lots  wUl  commence  ivith  No.  87, 
to  avoid  the  possibility  of  conflict  with  the  numbering  of  the  regular 
sections." 

The  act  of  Sept.  27,  1850,  authorized  the  Department,  should 
it  deem  expedient,  to  cause  the  Oregon  surveys  to  be  executed 
according  to  the  principles  of  what  is  called  the  "Geodetic  Method." 
The  complete  adoption  of  this  baa  not  been  thought  to  be 
expedient ;  but  "  it  was  deemed  useful  to  institute  on  the  principal 
base  and  meridian  lines  of  the  public  surveys  in  Oregon,  ordered 
to  be  established  by  the  act  referred  to,  a  system  of  triaugulations 
from  the  recognized  legal  stations,  to  all  prominent  objects  within 
tlie  range  of  the  theodolite ;  by  means  of  which  the  relative  dis- 
tances of  such  objects,  in  respect  to  those  mam  lines,  and  also  to 
each  other,  might  be  observed,  calculated,  and  protracted,  with 
the  view  of  contributing  to  the  knowledge  of  the  topography  of  tlie 
country  in  advance  of  the  progressing  linear  surveys,  and  to  obtain 
the  elements  for  estimating  areas  of  valleys  intervening  behveen 
the  spurs  of  the  mountains." 

"  Meandering"  is  a  name  given  to  the  usual  mode  of  surveying 
with  the  coinpass,  particularly  as  applied  to  navigable  streams. 
The  "  Instructions"  for  this  are,  in  part^  as  follows. 

"  Both  banks  of  navigcAle  rivers  are  to  be  meandered  by  talking 
the  courses  and  distances  of  their  sinuosities,  and  the  same  are  to 
be  entered  in  the  ^Meander  field-book.'  At  those  pouits  where 
either  the  township  or  section  lines  intersect  the  banks  of  a  navi- 
gable stream,  POSTS,  or,  where  necessary,  mounds  of  earth  or  stone, 
(as  noted  in  Art.  (566,))  are  to  be  established  at  tlie  time  of 
running  these  lines.  These  are  called  "  meander  corners ;"  and 
in  meandering  you  are  to  commence  at  one  of  those  comers  on  the 
jownship  line,  com-sing  the  banks,  and  measuring  the  distance  of 
aach  course  from  your  commencing  comer  to  the  next  '  meandci 
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corner,'  upon  the  same  or  another  boundary  of  the  same  township ; 
carefully  noting  your  intersection  with  all  intermediate  meandei 
oomera.  By  the  same  method  you  are  to  meander  the  opposite 
bank  of  the  same  river. 

The  crossing  distance  between  tlie  meander  corners,  on  samo 
line,  ia  to  be  aacerttuned  hj  triangulation,  in  order  that  the  nver 
may  be  proti-acted  wich  entire  accuracy.  The  particulars  to  bo 
given  in  the  field-notes. 

The  courses  and  distances  on  meandered  navigable  streama, 
govern  the  calculations  ivherefrom  are  ascertained  the  true  areaa 
of  the  tracts  of  land  (sections,  quai-ter  sections,  kc.')  Imown  to  the 
law  Bsjraetioncd,  and  bounding  on  such  streams." 

You  are  aJso  to  meander,  in  manner  aforesaid,  all  lakes  and 
deep  ponda  of  the  area  of  twenty-five  acres  and  upwards;  also 
navigable  bayous. 

The  precise  relative  position  of  islands,  in  a  township  made 
fractional  hy  the  river  in  which  the  same  ai'e  situated,  is  to  be 
determined  trigonometi^caOy.  Sighting  to  a  flag  or  other  fixed 
object  on  the  island,  from  a  special  and  carefully  measured  base 
line,  connected  with  the  surveyed  lines,  on  or  near  the  river  bank, 
you  are  to  form  connexion  between  the  meander  comers  on  the 
river  to  points  eorrespondbg  thereto,  in  direct  line,  on  the  bank 
of  the  island,  and  there  establish  the  proper  meander  corners,  and 
calculate  the  distance  across," 

(565)  Itlarkhlg  Lllics>  "All  lines  on  which  are  to  be  estab- 
lished the  legal  corner  boundaries,  are  to  he  marked  after  this 
method,  via;  Those  trees  which  may  intercept  your  hne,  must 
have  two  chops  or  notches  cut  on  each  side  of  them  without  any 
other  marks  whatever.  These  are  called 'Bi^Affi'eee,'  or 'line  trees.' 

A  sufBcient  number  of  other  trees  standing  nearest  to  your  line, 
on  either  side  of  it,  are  to  be  blazed  on  two  sides,  diagonally  or 
quartering  towards  the  line,  in  order  to  render  the  Ime  conspicu- 
ous, and  readily  to  be  traced,  the  blazes  to  be  opposite  each  other, 
coinciding  in  direction  with  the  line  where  the  trees  stand  very 
near  it,  and  to  approach  nearer  each  other,  the  further  the  lino 

E asses  from  the  blazed  trees.  Due  care  must  ever  be  taken  to 
ave  the  lines  so  well  marked  as  to  be  readily  followed." 

(566)  Itlarkiug:  Comers.  "After  a  true  coursing,  and  moat 
exact  measurements,  the  coi'ner  boundary  is  the  consummation  of 
the  work,  for  which  all  the  previous  psons  and  expenditure  have 
been  incurred.  A  boundary  comer,  in  a  timbered  country,  is  to 
be  a  tree,  if  one  be  found  at  the  precise  spot ;  and  if  nit,  a  pout  ia 
to  be  planted  thereat:  and  the  position  of  the  comer  post  is  to  be 
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indicated  by  trees  adjacent,  (called  Bearing  trees)  the  angular 
beamgs  and  diatances  of  which  from  the  comer  aro  facts  to  be 
ascertained  and  regbtered  in  your  field  book. 

In  Si  region  where  Btone  abounds,  the  corner  boundary  ivill  be  a 
small  monument  of  stones  along  side  of  a  single  marked  stone,  for 
Ik  township  corner — and  a  single  stone  for  all  other  corners. 

In  a  region  where  timber  is  not  near,  nor  stone,  the  comer  will 
be  a  mound  of  earth,  of  prescribed  siae,  varying  to  suit  the  caae. 

Corners  are  to  be  fixed,  for  township  boundaiies  at  intervals  of 
every  six  miles ;  for  section  boandariea  at  intervals  of  every  mile, 
or  80  chains ;  and,  for  quarter  section  boundaries  at  intervals  of 
every  half  mile,  or  40  chains. 

Meander  Oobher  Posts  are  to  be  planted  at  all  tiioae  points 
where  the  township  or  section  lines  intersect  the  banks  of  such 
rivers,  lakes,  or  islands,  as  are  by  law  directed  to  be  meandered," 
as  explained  in  Art.  (5fi4). 

When  posts  are  used,  their  lengtn  and  size  must  be  propur- 
tioned  to  the  importance  of  the  corner,  whether  township,  section, 
'ng  at  least  24  inches  above  ground, 


or  quarteiMsection,  t 

and  3  inches  square. 

Where  a  townsbi2} ; 

it  is  to  be  set  in  the  e) 


ost  is  a  corner  common  to  four  toivnsbips, 

N 

rth  diayoiially,  thus;  w^fB,  and  the  oai'di- 


nal  pointe  of  the  compass  are  to  be  indicated  thereon  by  a  cross 
line,  or  wedge,  (one-eighth  of  an  inch  deep  at  least),  cut  or  sawed 
out  of  its  top,  as  in  the  figure.  On  each  surface  of  the  post  is  to 
be  marked  the  number  of  the  particular  township,  and  its  range, 
which  it  faces.  Thus,  if  the  post  he  a  common  boundary  to  four 
townships,  say  one  and  two,  south  of  the  base  line,  of  range  owe, 
west  of  the  meridian  ;  also  to  townships  one  and  two,  south  of  the 
base  line,  of  range  iwo,  v.  est  of  the  meridian,  it  is  to  be  marked  thus : 
Tie  position  of  the  post  which 
is  here  taken  as  an  example,  is 
shewn  iu  the  following  diagram. 


K 

1  W.  ) 

From  N.  tc  E. 

T 

1  s. 

S. 

2  W.  i 

fion-  N.  to  W. 

IS. 
36        S 
IW. 

from  E.  to  S.  ■ 

2S. 
6 
2W.  ) 

froir  W.  to  S. 

2S. 
1         ] 

R.  2  W. 
T.  1  S. 

56 

K.  1  W. 
T.  1  S. 

B.  2  W 

T.  2  S. 

— 

/             1 

6 

R.  1  W. 
T.  2  S. 
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These  mark^  are  to  be  distinctly  and  neatly  chiselled  into  the 
n-ooii,  at  least  the  eighth  of  an  inch  deep  ;  and  to  be  also  marked 
with  red  ekaUe.  The  numh&r  of  tha  sectioni  which  they  respec- 
tively/ace, will  also  be  marked  on  the  township  post, 

Seetion  or  mile  posts,  being  comers  of  sections,  when  they  are 
common  to  four  sections,  are  to  be  set  diagonally  ia  the  earth, 
(in  the  manner  provided  for  township  comer  posts),  and  with  a 
similar  cross  cut  m  the  top,  to  indicate  the  cardinal  points  of  tlie 
compass ;  and  on  oach  ade  of  the  squared  surfaces  is  to  be  marked 
the  appropriate  mmAer  of  the  particular  one  of  the/ottr  sections, 
respectively,  which  such  side /(tees;  also  on  one  side  thereof  are  to 
be  marked  the  numbers  of  its  tawnsMp  and  range;  and  to  make 
such  marks  yet  more  conspicuous,  (in  manner  aforesaid),  a  streak 
of  red  chalk  ia  to  he  applied. 

In  the  case  of  an  isolated  township,  subdivided  into  thirty-six 
sections,  there  are  twenty-five  interior  sections,  the  south-west  cor- 
ner boundary  of  each  of  which  will  be  common  to  four  sections. 
On  all  the  extreme  sides  of  an  isolated  township,  the  outer  tiers  of 
sections  have  corners  common  only  to  two  sections  then  sui-veyed. 
The  posts,  however,  must  be  planted  precisely  like  the  former,  but 
presenting  two  vacant  surfaces  to  receive  the  appropriate  marks 
when  the  adjacent  survey  may  be  made. 

A  quarter-section  or  haJf-mile  post  is  to  have  no  other  mark  on 
it  than  |  S.,  to  indicate  what  it  stands  for. 

Toivnship  comer  posts  ai-e  to  be  notched  with  six  notches  on 
each  of  the  four  angles  of  the  squared  part  set  to  the  cardinal 
points. 

All  mile  posts  on  township  lines  must  have  as  many  notches  on 
them,  on  two  opposite  angles  thereof,  as  they  are  miles  distant 
fi-om  the  township  corners,  respectively.  Each  of  the  posts  at  the 
corners  of  sections  in  the  interior  of  a  township  miist  indicate,  by 
a  number  of  notches  on  each  of  its  four  corners  directed  to  the 
cardinal  points,  the  corresponding  number  of  miles  that  it  stands 
From  the  outlines  of  the  toivnsHp.  The  four  sides  of  the  post  will 
indicate  the  number  of  the  section  they  respectively /ffce.  Should 
a  tree  be  found  at  the  place  of  any  corner,  it  will  he  marked  and 
notched,  as  aforesaid,  and  answer  for  the  comer  in  lieu  of  a  post; 
tlie  kind  of  tree  and  its  diameter  being  ^ven  in  the  field-notes. 

The  position  of  all  comer  posts,  or  corner  trees  of  whatever 
description,  which  may  be  established,  is  to  be  perpetuated  in  the 
following  manner,  viz:  Prom  such  post  or  tree  the  courses  shall  be 
taken,  and  the  distances  measured,  to  two  or  more  adjacent  trees, 
m  opposite  directions,  as  neaTly  as  may  be,  which  are  called 
'  Bearing  trees,'  and  are  to  be  blazed  near  the  ground,  with  a  large 
blaze  facing  the  post,  and  having  one  notch  in  it,  neatly  and  plainly 
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made  Avith  an  axe,  square  across,  and  a  little  below  the  middle  oi 
the  blaae.  The  kind  of  tree  and  the  diameter  of  each  are  facts  tc 
be  distinctly  set  forth  in  the  field-book. 

On  each  betiriiig  tree  the  letters  B.  T.,  must  be  distinctly  cnt 
into  tlie  wood,  in  the  blaae,  a  little  aboTe  the  notch,  or  on  the  bark, 
with  the  number  of  the  range,  township,  and  section. 

At  all  township  corners,  and  at  all  section  comers,  on  range  or 
township  lines,  four  bearing  trees  are  to  be  mai'ked  m  this  manner, 
one  in  each  of  the  adjoining  sections. 

At  interior  section  corners  four  trees,  one  to  stand  witliin  ea«h 
of  the  four  seetioDS  to  which  such  corner  is  common;  are  to  bo 
marked  in  manner  aforesaid,  if  such  be  found. 

From  quarter  section  and  meander  comers  two  bearing  trees 
are  to  be  marked,  one  within  each  of  the  adjoining  sections. 

Stones  at  township  corners  (a  small  monument  of  stones  being 
alongside  thereof)  must  have  six  notches  cut  with  a  pick  or  chisel 
on  each  edge  or  side  towards  the  cardinal  pointa ;  and  where  nsod 
as  section  comers  on  the  range  and  township  lines,  or  as  section 
comers  in  the  interior  of  a  township,  they  will  also  be  notched  by 
a  pick  or  chisel,  to  correspond  with  the  directions  given  for  notch- 
ing posts  similarly  situated. 

Stones,  when  used  as  quarter-suction  corners,  will  have  \  cut 
on  them ;  on  the  west  side  on  north  and  south  lines,  and  on  the 
north  side  on  east  and  west  lines. 

Whenever  bearbg  trees  are  not  found,  mounds  of  earth,  or 
stone,  are  to  be  raised  arouncL  posts  on  which  the  comers  are  to 
be  marked  in  the  manner  aforesaid.  Wherever  a  mound  of  earth 
is  adopted,  the  same  will  present  a  conical  shape  ;  but  at  its  base, 
on  the  earth's  surface,  a  quadrangular  trench  will-be  dug;  a  spade 
de^  of  earth  being  tlirown  up  from  the  four  sides  of  the  line,  out- 
side the  trench,  so  as  to  form  a  continuous  elevation  along  its  outer 
edge.  In  mounds  of  earth,  common  to/owr  townships  or  ^four 
sectione,  they  will  present  the  angles  of  the  quadrangular  trench 
(diagonally)  towards  the  cardina!  pointe.  In  mounds  common 
only  to  Uuo  townships  or  two  sections,  the  sides  of  the  quadrangular 
trench  will /ace  the  cardinal  points. 

Prior  to  piling  up  the  earth  to  construct  a  mound,  in  a  cavity 
formed  at  the  corner  boundary  point  is  to  be  deposited  a  stone,  or 
a  portion  of  charcoal,  or  a  charred  stake  is  to  be  driven  twelve 
inches  down  into  such  centre  point,  to  be  a  witness  for  the  future. 

The  surveyor  is  farther  specially  enjoined  to  plant  miHway 
between  each  pit  and  the  trench,  seeds  of  some  tree,  those  of  fruil 
trees  adapted  to  the  climate  being  always  to  be  prefen-ed. 

Double  CORNERS  are  to  be  found  nowhere  except  on  the  Stanlavd 
Parallels  or  Correction  lines,  whereon  are  to  appear  both  the  icr 
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ners  whicli  mark  tlie  intersections  of  the  lines  vhich  close  tbereoo- 
and  those  fi-om  which  the  surveys  start  in  the  opposite  direction. 

The  corners  which  ai'e  established  on  the  standard  parallel,  at 
the  time  of  running  it,  are  to  be  known  as  'Standard  Gomers^ 
and,  in  addition  to  all  the  ordinary  marks,  (as  herein  prescribed), 
Uiey  will  be  marked  with  the  letters  S.  0.  'ITie  '  dosing  comerH' 
will  bo  marked  C.  C." 

(56?)  Field  Bf)Oks<  Thei-o  should  be  several  distinct  and  sepa- 
rate field-books ;  viz. : 

"  1,  Field-notes  of  the  meridian  and  BASE  lines,  showing  the 
establishment  of  the  township,  section  or  mile,  and  quarter-ssaUon 
or  half-mile,  boundary  comers  thereon ;  with  the  crossings  of 
streams,  ravines,  hills,  and  mounttuns ;  character  of  soil,  timber, 
minerals,  &c-  These  notes  will  be  arranged,  in  series,  by  mile 
stations,  from  nimiber  one  to  number . 

2.  Field-notes  of  the  '  standard  parallels,  or  correction 
lines,'  showing  the  establishment  of  the  township,  section,  and 
quarter-section  corners,  besides  exhibiting  the  topography  of  the 
country  on  line,  as  required  on  the  base  and  meridian  lines. 

S.  Field-notes  of  the  bxtsrior  lines  of  townships,  showing  the 
establishment  of  the  corner  on  line,  and  the  topography,  as  aforesaid. 

4.  Field  notes  of  the  stibdivisions  of  townships  into  sections 
and  quarter-sections ;  at  the  close  whereof  will  follow  the  notes  of 
the  ME4HDERS  of  navigable  streams.  These  notes  will  also  show, 
by  ocular  observation,  the  estimated  rise  and  fall  of  the  land  on 
the  line.  A  description  of  the  timber,  undergrowth,  surface,  soil, 
and  minerals,  upon  each  section  hne,  is  to  follow  the  notes  thereof, 
and  not  to  be  mixed  up  witli  them." 

5.  The  "Geodetic  Field-book,"  comprising  al!  triangulations, 
angles  of  elevation  and  depression,  levelling,  &c. 


The  examples  on  the  next  two  pages,  taken  from, the  "  Instruc- 
tions "  which  we  have  followed  throughout,  will  shew  what  is 
required. 

Tlie  ascents  and  descents  are  recorded  in  the  right-hand  colimma. 
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FIELD  KOTES  OF 

THE   EXTERIOR   LINES 

OF  AN  ISOLATED  TOWNSHIP. 


res  nf  ths  Suri:ey  of  texasli 

an,  ia  the  Terrilviy  of  Okegos.  bv  S 

;l  No.  1,  beoriag  date  the  2d  da^  of  Jaauqty,  1851. 


^ 

□lis.   Iks 

V:eu 

1 

rowNSHip  LIKES  commenced  January  20,  1S51. 
fionthevn  boundary  variation  ISo  41'  B. 

1 

Bust. 

33,  34,  35,  and  36.    Set  tempofaiy  mile  and  iiHlf-mile  posts 

Hiid  intersected  tlia  eaatem  boundary  2  chaina  20  links  uorlt 

f 

of  tha  true  corner  5  milEl  74  chaiuB  53  linke. 
rlierefore  tlie   correcaon  will  be  5  chains  47  links  W.  37.1 

-i 

iinka  S.  per  mile. 

i 

Tituz  SOUTHERN  EouMDABi  varintLoi.  18"  41'  E, 

West 

On  the  southern  boundary  of  sec.  36.  Jan.  54,  I80I. 

40.U0 

Set  or.  sec.  post  from  wJilch 
a  &eecli  34  in.  dia.  bears  N.  11  B.  38  Iks.  diat. 

a\Q 

a    do       9      do         do    S.    9  B.  17      do 

62,50 
SO.Od 

nbrDokSl.  wide,  course  NW 

Set  post  cor.  ofsetjs.  35  &  36,  1  &  2,  from  which 

aljeech      9  in,  dia.  bears  S.  46  E.      8  1.  diet. 

H     do        8    do         do    S.  63  W.    7     do 

a  W.  oak  10    do         do    N.  19  W.  14     do 

P 

B  B.  oak  14    do         do    N.  29  B.    16     do 
Land  level,  pan  wet  and  swampy;   tiuibei-  beetb,  oak,  Eish 

West. 

hickory ,  Ssc. 

1 

On  tiie  S.  bonndary  of  seo.  35— 

40.00 

Sel  qr.  see.  post,  with  trench,  from  wliich 
ft  beech  6  in.  dia.  beoi-s  N.  80  E.  8  I.  (list. 

planted  SW.  a  yellow  locust  seed. 

robeginDingofhiJl 

%      81)00 

Set  post,  wifli  trench,  cor.  of  sees.  34  &  35,  2  &  3,  fvt>ni  ^i  liicl 

s  beech  10  in.  dia.  bears  S.  51  E.  13  1.  dist. 
do      10    do         do    N.  56  W.  9    do 

planted  SW.  a  while  oak  acorn. 

1 

NE.  a  beech  net. 

;; 

Lcud  level,  rich,  and  good  for  farming;  timher  p^nip. 

O     West, 

On  tlie  S.  bonndacy  of  sec.  Si- 

1 

40.0C 

Set  gr.  sec  post,  wirfi  trench,  from  which 
a  B.  oak  10  in.  die.  bears  N.  2  B.  635  1.  disl. 
Planted  SW.  a  beech  uat. 

a    S 

80,00 

To  corner  of  sections  33,  34,  3  and  4,  drove  charred  slakes 

a  LO 

g 

£ 

Plaiited  NB.  a  W.  oek  ac'n ;  NW.  a  jel.  locust  seed. 
SE.  abulferaot;  SW.  a  beech  nut 

1 

Land  level,  rich  and  good  for  farmit.g,  some  scattering  oal. 
and  walnut.                                                                              ° 
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FIELD  KOTES  OF  THE 

SUEDIVISIONAL  OR  SEOTIOKAL  LINES, 

AND    MEASDERS. 


T^„:„sUp:i:,  N.,  Range  i  W.,   Willametl^  Mer. 

Clia.  Iki, 

SuDDiTisiona.     Coinmenoed  Febraary  1,  IBJl. 

feel. 

North. 

3efween  sees.  35  Kuii  36— 

39.07 
40.00 

Set  qr.  sec.  post,  from  which 

d    5 

a  beech  J5  in.  dia.  beavs  8.  43  E.  13  1.  dist. 

a    do     -  8     do        do   N.  23  W.  is    do 

80.00 

Set  it  poal  cor.  of  seca.  25,  28,  35,  36,  from  which 
a  beech    24  in  dia  bears  N  63  W   17  1  dii.t 
a  puplai  36    do         do     S  66  E    34    do 
B     Jo     eo    (to         do     S  70W  50    do 

d    2 

a  beech  S8    do         do    N  60  B    4j    do 

l,and  leiel,  second  rate,    limhei  beeeii    popla:     a\t^m     iu 

Bnft. 

Diid  fif  spice    fee 

On  random  line  belweea  aecB  25  aid  IG— 

9.00 

iVbrooliaOl  w]<Ie,  couiseN 

15.00 

To  foot  of  hill 

d  10 

* 

40.00 

Set  temporaiy  qr  sec  post 

5S.0O 

To  opposite  foot  of  hill 

dW 

72.00 

tbcoofc  15  L  mide,  conCHB  N 

..... 

[nlersect  E  boundary  at  poef 

Landleiel   aeiondiatP     amhei    betLli   omI     n^l,    i 

aid 

S.C            S.C            &p 

Mbandees  of  CincKBELEs  River. 


Cainmsni-ed  Febrvary  i\ 


hip  boundary,  am!  ihoii 


.  and  5,  hrfodth  of 


.  70°  VV 
■iver  by 


To  upper  corner  of  John  Sui  tli'a 
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APPENDIX    A. 
SY&'OPSIS  OF  PLAITE  TRICtONOMETRY.* 

(1.)  DeQllitiotl.  Plane  Triganometiy  is  lliat  brnculi  of  MnthomatieEl 
Science  ■wbicli  treats  of  the  rektions  between  tlie  sidea  and  angles  of  plane  tiian- 
gles.  It  teatlies  bow  to  find  any  three  of  these  sis  parls,  when  Die  other  three 
are  given  and  one  of  them,  at  least,  ia  a  side. 

(2)  Angles  and.  Arcs.  The  angles  of  a  triangle  are  measured  by  the 
ores  described,  with  any  radios,  from  the  angular  points  as  centres,  and  intercepted 
between  the  legs  of  tbe  angles.  These  arcs  are  measured  by  comparing  tbem  witb 
an  entire  circumference,  described  with  the  same  radius.  Every  circumference  is 
■regarded  as  being  divided  into  SflO  eqnal  parts,  called  degmi.  Each  degree  ia  di- 
vided into  60  equal  parts,  called  minitteB,  and  each  minute  into  60  seconds.  These 
diviaons  are  indicated  by  the  marks  "  '  ".  Tlius  S8  degrees,  Vl  minutes,  and  49 
seconds,  are  written  23°  iT  48".  Fractions  of  a  secondare  best  espreased  deci- 
mally. An  arc,  including'  a  quarter  of  a  circumference  and  measuring  a  right 
angle,  is  therefore  00°.  A  semieircumference  comprises  180°.  It  is  often  repre- 
sented by  ir,  which  equals  S.14159,  Ac.,  or  3^  approximately,  the  radius  being  unity. 

The  length  of  1°  in  pHts  of  radi 
that  of  1"=  0.000004!i5. 

The  lengili  of  the  radius  of  a  c: 
=  57°.29578  =  E7°  17'  24".B  =  ZiZTMl  =  306264".8,-|- 

An  arc  may  be  regarded  as  generated  by  a  point,  M, 
moving  from  an  origin.  A,  around  a  circle,  in  the  direction 
of  Ibe  arrow.  The  point  may  thus  describe  arcs  of  any 
iBjigtiis,  such  as  Ail ;  AB  tss  90°  =  i  I !  ABC  =  180°  =  t  ; 
ABCD  =  270°  =  5  ■r ;  ABCDA  =  360°  =  2  i. 

The  point  may  still  continue  its  motion,  and  g 
ores  greater  than  a  circumferen<;e,  or  than  two 
Terences,  or  than  three ;  or  even  infinite  in  length. 

Wliile  the  point,  M,  describes  these  arcs,  the  radius, 
OJI,  indefinitely  produced,  generates  corresponding  angles, 

•  For  nwrely  aoWlug  tiisnglea,  enlj  Articles  (1),  (3).  (S).  (»).  (6).  m).  (U).  ""d  <iS),  we  needed. 
Uxe  length  of  Ihs  dro  so  given  dlvidea  by  the  leoslh  of  thB  arc  ot  one  eecoud ;  or  moltiplled  bj  tb« 


0.01746329;  Uiat  of  I '=0.00029  089;  and 
irele  in  degrees,  or  360ths  of  tiie 
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If  the  pgiiit,  M,  fliculj  move  from  fhe  origin,  A,  in  flie  conh-ary  direcUou  ui  ita 
former  movement,  tbe  area  generated  by  it  are  regarded  as  mejoiius,  or  minus , 
and  so  too,  of  necessity,  the  angles  measured  by  the  arcs. 

Arcs  and  angles  may  therefore  Tary  in  length  from  0  to  +  (o  in  one  direction, 
and  from  0  to  —  to  in  the  contrary  direction. 

The  Complement  of  an  arc  ia  the  arc  which  would  remaiii  after  subtracting  the 
arc  from  a  quaiter  of  the  cicoumferenoe,  or  from  60°.  If  tha  are  be  more  tiian  90°. 
its  complement  Is  neceaaari!y  negative. 

The  Siipplemfnl  of  an  arc  ia  what  would  remain  after  subtracting  it  from  half 
tliB  circumference,  or  from  180°.  If  the  arc  be  more  than  180°,  its  supplement 
is  necessarily  negative. 

(3)  Trigonometrical  liines.  The  relations  of  the  sides  of  a  trlangLd 
to  its  angles  are  what  is  required  ;  but  it  is  more  convenient  to  replace  the  angles 
by  ai'CB;  and,  onee  more,  to  repkoe  the  area  by  certain  straight  Imas  depending 
upon  them,  and  inci'eaaing  and  decreasing  with  them,  or  conversely,  in  such  a  way 
that  the  length  of  the  lines  can  be  found  from  that  of  the  arcs,  and  vice  versa.  It 
ie  with  these  lines  that  tha  sides  of  a  triangle  are  compared.^  These  lines  ara 
called  TVigcnomeiricalldiiet ;  or  Oircular  Fimctioaa,  because  their  length  is  a  func- 
tion of  tliat  of  the  drcular  arcs.  The  pi-moipal  Trigonometrical  lines  are  Sines, 
Tmifftitts,  and  Becanta.     Chorda  and  versed  aines  are  also  used. 

The  SINE  of  an  are,  AM,  is  the  perpendicular. 
MP,  let  fal!,  from  one  extremity  of  the  arc,  upon  Tig.  3S3. 

the  diameter  which  paaaes  through  the  other  ex-         ~ 
tremity. 

The  TANGENT  of  an  are,  AM,  ia  the  diatanee, 
AT,  intercepted,  on  the  tangent  drawn  at  one 
extremity  of  tha  aro,  between  that  extremity 
and  the  prolongation  of  the  radius  which  passes 
through  tiie  other  eKti'ewity. 

The  SECANT  of  an  arc,  AM,  is  the  part,  OT, 
of  the  prolonged  radius,  comprised  between  the        " 
centre  and  the  tangent. 

The  sine,  tangent^  and  secant  of  the  complement  of  an 
siME,  Co-TANGE-NT,  and  Co-SKCANT  of  that  arc.  Tims,  MQ  is 
ita  cotangent,  and  OS  its  coaocant.  The  cosine  MQ  is  equal 
radius  comprised  between  the  centre  and  the  foot  of  the  sint 

Tha  chord  of  an  arc  is  equal  to  twice  the  sine  of  half  that 


e  called  the  Co- 
osine  of  AM,  B3 
,  the  poi't  of  tha 


The  versed-sins  of  an  arc,  AM,  is  the  distance,  AP,  comprised  between  tlio 


of  Iha  arc  and  the  foot  of  the 

twecn  the  radius  and  the  sini 

The  Trigonomeiiioal  lines 


It  ia  consequently  equal  to  the  difference  be- 
1  usually  written  in  an  abbreviated  form.     Calling 


MP  = 

a.  a.            AT  =  tan.  a.            01  =  6ec,  o. 
oa.B.            B3=.cot.  a.            OS=coseca. 

The  period  after  sio 
ITie  arcs  whose  sine 

tan.,  &c,  indicating  abbrevration,  is  frequently  omitted, 
,  tangents,  &a,  aro  equal  to  a  line  =«,  are  written. 

am.     'i[,orarc(sm.  =  B); 
tan.—'  a,  or  aro  {tan.=  a)  ;  <to. 
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(4)  The  lines  <is  ralios.    Tlie  mtios 

ttve  the  eame  for  tLe  Bams  angles,  or  number  of 
degrees  in  aa  arc,  whatever  the  length  of  the  ra- 
dius or  arc     Consequentlj,  railius  being  unity, 
tlieae  linea  may  be   espreased  aa  aimpla  ratios. 
ThuB,   in    the    rishtangled  triangle  ABO,   we        ^ 

n 

H'ould  have 

.      .        BC        oppogiteaide 

A 
CO..  A  =  ^  = 

.       AG 
eot  A  =  -  = 

e...c  A  =  ^  = 
BC 

0 

adjacent  aide 

°'"'  ■■      AB       hypothenusB ' 

i„  .  _B0_  oppoaitesido 

""■          AC       adjacent  side' 

.        Ali        hypothesise 

"^"^      ~A0       adjacent  side 

hypothennse  ' 
adjacent  aide 
opposite  aide ' 
hypothenuae 
opposite  aide* 

When  the  radlna  of  the  area  wliich  measure  tbe  angles  ia  unity,  these  ratios  may 
be  used  for  the  linea.  If  the  radius  be  any  other  length,  tiie  reanlta  wiiieli  have 
been  obtained  by  the  above  auppoaition,  muat  be  modified  by  dividing  eaeh  of  tlie 
trigonometrioal  lines  in  the  result  by  radiua,  and  tliua  rendering  tlie  equntiona  ol 
the  reaults  "  homogeneous."  The  same  effect  would  be  produced  by  mnlii])lying 
each  term  in  the  expression  by  aucb  a  power  of  radius  as  would  malie  it  contain  a 
number  of  linear  faetora  equal  to  the  greatest  number  in  any  term.  The  I'adius 
is  uaually  represented  by  r,  or  E, 

(5)  TlBelr  vai'ialiOBtS  in  Icnglli.  Aa  tlie  point  M  moves  around 
the  circle,  and  tlie  arc  thus  increases,  the  ainea,  tangents,  a\id  secants,  starting 
from  zero,  also  increase;  till,  when  the 

point  M  has  arrived  at  B,  and  the  arc  liaa      _  ^'S-  lOn. 

become  00°,  tbe  sine  haa  become  equal  to    S  '" 

radius,  or  nnity,  and  the  tangent  and  se- 
cant have  become  infinite.  The  comple- 
mentary linea  have  decreased;  the  co- 
sine being  equal  to  radius  or  unity  at 
starting  and  beQoming  zero,  and  the  co- 
tangent and  cosecant  passing  from  infin- 
ity to  zero.  When  the  point  M  has 
paaaed  the  first  quadrant  at  B  and  ia 
proceeding   towards  C,   the  sines,  t 


till, 


N, 

/ 

n          \?,/ 

■{ 

/ 

\ 

\ 

V 

v 

\ 

a' 

/IflXI 

x' 

when  the  point  has  reached  C,  they  have  D 

the  same  volnea  as  at  A.  They  then  begin,  to  increase  again. 
Table  on  p^e  382  indicates  these  vai'iations, 

The  sines  and  tangents  of  very  small  arcs  may  be  regarded  a 
tional  to  the  arcs  themselves  ;  so  that  for  ain,  b",  we  may  wri 
similarly,  though  lesa  accurately,  for  sin.  n',  we  may  write  a .  sin 

The  sines  and  tangents  of  very  small  area  may  similarly  be  re. 
of  the  sama  length  as  the  arcs  themselves,*^ 

•  Oonseqnently,  lie  nota  on  pi^a  37B  Buy  tead  tbu3 :  The  r.umber  of  acoo 
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a  being  the  iengtli  of  any  arc  expressed  in  parts  of  radius,  the  Icngllia  of  its  i 
and  cosine  may  be  obtained  by  the  following  series : 

Let  it  be  required  to  find  cos.  SO",  by  the  above  series. 
Sobstitating  tbis  number  for  a,  the  eeries  becomes,  taking  only  three  terms  of  ii 


(,61 


.CSl 


24 


0.  =  1  -  o-isToia  ^ 


10  — ,366052; 


wbieh  is  the  correct  value  of  ooa.  30°  for  the  first  four  places  of  decimals. 
The  lengths  of  the  other  linos  can  bo  obtained  from  tlia  mutual  relations  glven> 

in  Art.  (T.)    Some  particular  values  are  given  below. 

sin.  BO=  =  i.  sin.  ib"  =i^-l.  ein.   SC^WS 

tan.  30°  =  l\/3-  *""■  *6°  =  !.  tan.  60°  =  ^3. 

sec.  30"  =  i^S.  see.  45°  =  ^/%  sec  60°  =  2. 

(6)  Tlicir  cliasiges  of  Sig:n.  Lines  measured  ia  contrary.dircetiona 
from  a  common  origin,  usually  receive  contrary  algebraic  signs,  If  Uien  all  the 
lines  in  the  first  quadrant  are  called  positive,  their  signs  tvill  change  in  some  ol 
the  other  quadrants.  Thus  tlie  sines  in  the  lirst  qnadrant  bemg  a1!  measured  np- 
vrard,  nhen  they  are  measured  downward,  as  they  are  in  tlie  third  and  foarth 
quadrants,  they  will  be  negative.  The  eo^nea  in  the  first  quadrant  are  meas- 
ured from  left  to  riglit,  and  when  they  ore  measured  from  right  to  left,  as  in  tha 
second  and  third  quadrants,  they  'will  be  negative.  The  tangents  and  senants  fol- 
low similar  ruies. 

The  variations  in  length  and  the  changes  of  ^gn  are  all  indicated  in  the  follow- 
ing table,  radius  being  unity.  The  terms  "increasing"  and  "decreasing"  apply  to 
the  lengths  of  the  lines  without  any  reference  to  tlioir  signs. 

Lengths  and  Signs  of  the  Tngonometncal  Lines  for  Arcs  p  om  0"'  (o  360° 


A«. 

0= 

Betw=™0=.nam 

90O 

Between  90°  ana  ISCo 

130= 

Sine 

0 

h,  and  increasing, 

+  1 

4",  and  decreasing, 

0 

Tangent  .    . 

0 

-,  and  inci'easmg, 

+  » 

— ,  and  decreasing. 

Secant      . 

— ,  and  def reading 

Cosme       . 

-,  end  decreasing. 

0 

-,  and  decreasing, 

Cosecant  . 

i" 

f-,  and  decreasing, 

+  1 

±«, 

AtCB. 

:so= 

BelireeniaOOanamo. 

mo 

B«t™n.T0O.ad3C«= 

S50= 

Bine     .    . 
Tangent 
Secant 
Cosine .    .    . 
Cotangent    . 
Cosecant  .    . 

0 
0 

-I 

-I 

-[-,  and  increasing, 
-,  and  increasing, 
— ,  and  decreasing, 
-f ,  and  decreasing, 
~-,  and  decreasing. 

-1 
±« 

0 
0 

-1 

— ,  and  deercasinj 
— ,  and  decieaing, 
-}-,  and  decreasing, 
+,  and  increasing, 
— ,  and  inoreasing. 

0 
0 

+1 
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Fi-om  this  tablu,  and  Fig.  400,  wd  see  iliat  an  oic  aal  lU  mpi-lenenl  hare  lh« 
eatae  eine;  and  that  their  tangents,  B^oanla,  cosines,  and  ootangenfa  aie  ot  equal 
length  but  of  contrarf  sigas ,  wide  the  coaecaute  are  tlie  same  in  Ijoth  length 
•nd  eigD. 
We  also  dedune  from  Hie  figure  the  following  consequence'' 

«n.  («=+  ISO")  =-8in.  a".  COS.  K+  ]80'')=-coa.  «=. 

tan.(a°+  i80°)  =  tan.  a",  cot.  (8°+  ieO'')  =  eot.  a=. 

eec.  («<■+  180=)  =-Beo.  a".         cosec  (0"+  ISO")  =-coseC.  a'. 

tttn.  (-a°)=-tan.  a°.  cot.  (-0°)  =-cof.  o".  _^ 

An  infiaite  number  of  arcs  ha-ve  the  same  trigonometrical  lines ;  for,  an  Bie  n, 
(he  same  are  plus  a  droumfarenee,  the  same  Bro  pins  two  oircnrnferences,  and  so 
on,  would  liave  the  same  sine,  &c 

"  To  bring  back  Ui  the  first  quadrant"  the  trigonometrical  lines  of  nnj  large  arc, 
[.rocsed  thus !  Let  1039°  be  an  arc  the  sine  of  which  is  desired.  Take  from  it  as 
many  tioiea  B60'  as  possible.     The  remainder  will  ba  809°.     Then  wa  shall  have 

(T)  TEieii"  mulual  rclataoMS.     Radius  being  unity, 


tan.  a° Xcot.  0°  =  1.  (sin.  a'f  +  (c.s.  ay  =  1.* 

1  +  (tau.  ay  =  (aac.  ay.         1  +  (cot.  «°)'  =  (cosec.  a")'. 


(8)  Two  arcs,    let  a  and  i  represent  any  tv 
Then  the  following  formulas  apply: 

■ii(.-s)=.in:«'.„j-„«; 

0.,.(.+  i)  =  QO....»,.i-.h. 

ao..l.-J)=co....ml  +  «n. 


•  Tho  square,  Ac,  of  Iho  eloe,  Ac,  of  an  arc,  Is  often  eipresseil  by  pladni  fie  esponent  between 
la  ftbbrfviflUon  of  the  name  of  Kie  trigononiotriMl  llBe  and  tte  nnmlier  of  tlis  dogroca  in  the  ere 
ras,  Bin."  a°,  lan.=  ao,  &a    But  tbe  notatton  given  ahoTe.  piaooa  tlia  Indei  la  used  by  Gnnt* 
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a.b  =  i.cM.{a-b)-ii 
>,,s  =  l.o,»(.  +  i)  +  l. 
.8.5  =  4. Bin.  (a  +  5)  +  Ja 
a.J  =  4.aiii.{a  +  i)-4a 
n.i  =  2aia  i(o  +  i)ooa 

■..s  =  aa«.i(«  +  j)™ 

n.6  =  2aiQ.  ^  («  ~  i)  cos 
.a,a  =  3eip.  i  (a~*)flin. 

:o..(«  +  S). 
«(.-»). 
to.(.-i). 
i..(— i). 

.K—i). 

.t(«-i). 
.*(•+!). 
i  ("  +  »)• 

...i       ""■("+«. 

„.J       ""■<-", 

,..«-■-("+«, 

^j            .in.  (.  _  1) 

(10)  Ti'lgfOBiLOBifflclii'leal  Xablcs.  Tn  tha  uaunl  tables  of  tlie  jiaturni 
Trigonometrical  linea,  the  degrees  from  0°  to  45°  are  found  at  the  top  of  the  tabli^, 
Knd  those  from  45°  to  00°  at  the  bottom ;  the  latter  being  compleineuta  of  the 
former,  Coneequenfly,  the  columns  which  have  Sine  and  Tanffeai  at  top  have 
Gcsine  and  Caiangeni  at  bottom,  since  the  cosine  or  cotangent  of  nny  are  is  tlie 
same  thing  as  the  sine  or  tangent  of  its  oomplement.  The  minutea  to  be  added 
to  tlie  degrees  are  found  in  the  left-hand  column,  when  tlie  cumber  of  degrees  at 
the  top  of  the  page  are  used,  and  in  the  right-hand  column  for  tie  degrees  when 
at  (he  bottom  of  the  page.  The  linea  for  arcs  inteitnediate  between  thoae  in  tha 
tables  are  found  by  proportion,  Tha  linea  are  calculated  for  a  radiua  equal  nnity. 
Hence,  the  values  of  the  sines  and  cosines  are  decimal  fractions,  though  the  point 
k  uaaally  omitted.  So  too  are  the  tangents  from  0°  to  IB",  and  the  cotangenti 
fi'om  90°  to  i^".    Beyond  those  points  they  are  integers  and  decimals. 

The  calculations,  like  all  others  invohing  large  numbers,  are  shortened  by  tlia 
'lie  o(  It^anthms,  which  substitute  addition  and  snbti'action  for  multiplication  and 
diviaon  [  bub  the  joung  student  should  avoid  the  frequent  error  of  regarding  loga 
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SOLUTION  OF  TRIANGLES. 
(H)    Hight-nns'lcfll    Triangles.     Let 

ABO  bo  any  riglit-aogled  triangle.  Denote  the 
eides  oppoMte  the  anglea  by  the  corj'espondiug  Bninll 
Utters.  Then  sny  one  side  and  one  acute  angle,  or 
any  two  eidea  being  given,  the  other  parts  can  be  ob- 
tained by  one  of  tlie  following  ec[aation3  ; 


8ive». 

EeqHlraa. 

Forn,„U. 

a,   5 

c,    A,  B 

c=^(a>+6');  tan,  A  =  |;  cot.  B  =  2.. 

a,  c 

b,    A,  B 

*=^(.' -«-);. in.  A  =  ^,  CO.  B  =  ^ 

a,  A 

b,  c,    B 

i  =  ffl,eot.A;  ':=2^'  15  =  ^0"  — A. 

b,  A 

a.  c,    B 

«  =  J.tmA;  ^  =  ^;  B  =  90=-A. 

c,  A 

a,  b.    B 

«=.,.i..A;6  =  .co.A;B  =  M^-A. 

(13)   Obliquc-oisgied.  Triaie- 

gleSi  Let  ABC  be  any  oblique- angled 
triangle,  the  angles  and  sides  being  noted 
as  in  tlia  figure.  Then  auy  tliree  of  its  its. 
parts  being  given,  and  one  of  them  being  a 
eide,  the  other  parts  con  be  obtained  by  one 
of  the  following  methods,  wliich  are  found- 
ed on  these  tliree  tbeorenis. 

TuEOKEa  I — In  mieryplatu  triangle,  tke  tines  of  the  angles  are  to  eich  other  at 
the  opposite  sides. 

Treobem  IL — In  every  plane  triangle,  the  sum  of  two  sides  is  to  their  difference 
M  the  tangent  of  half  the  sum  of  the  angles  opposite  thoie  aides  is  to  the  tangent  of 
half  their  difference. 

Theobkm  IIL — In  every  plane  triangle,  the  eosini  of  any  angle  is  equal  ta  a  free- 
lion  vihose  numerator  ii  the  sum  of  the  squares  of  the  aides  a^aeent  to  (lie  migle,  mi- 
nus the  square  of  the  side  opposite  ta  the  angle,  and  whose  denominator  is  twice  thf 
prodtict  of  the  sides  adjacent  to  the  angle. 

All  the  oases  for  solution  which  can  occur,  may  be  reduced  to  four. 

Case  1. — Given  a  side  and  two  angles.  The  third  angle  is  obtained  hy  eubtraot- 
ing  the  sum  of  the  two  g;ivBn  angles  from  180°.  Then  either  unknown  side  can  be 
ibtaiBed  by  Theorem  I, 

Calling  tho  given  side  a,  we  have  i  =  a .  ^^^  ;  and  e^a  ^^~:. 


Hosted  by 


Google 


£33  TRIGOSOMETRff.  [app.  a. 

Case  "i.— Given  two  sides  and  an  OTigU  opposite  orae  of  them.  Tlie  nngle  oppc 
site  the  other  gh&n  eiis  h  found  by  Theorem  I.  The  tliird  angle  13  obtained  by 
subtracting  the  sum  of  the  other  two  fi'om  ISO".  The  remaining  side  ia  tben  ob- 
laioed  by  Theorem  I. 

CaWiog  the  given  sides  a  and  &,  and  the  given  angle  A,  we  have  sin.  Bs=sin.  A.- 
Sinoe  an  angle  and  ita  supplement  haye  the  same  sine,  the  result  is  ambignous  ; 

for  the  angle  B  may  have  either  of  the  two  auppleinentary  Yaluea  indicated  by 

the  sins,  if  *  >  a,  and  A  ia  an  acuta  angle. 

0  =  180"  — (A  +  B).  c=sin.C^^. 

Case  S.—  9iven  two  sides  and  tkeir  inehided  angle.  Applying  Theoi-em  IL  (ob- 
taining the  sum  of  the  angles  opposite  tbe  given  sidea  by  subti'acting  the  given 
included  angle  from  180°),  we  obtain  the  dlEFerence  of  the  unknown  angles.  Add- 
ing this  to  their  sum  wa  obtam  the  greater  angle,  and  subtracting  it  from  theu' 
sum  we  get  the  leas.    Then  Theorem  I.  will  give  the  remaining  side. 

Calling  ths  given  aides  a  and  4,  and  the  included  angle  C,  we  have 
A  +  B  =  1B0°— C.    Then 

tan.  i  (A-B)  =  tan.  HA  +  B).  ^*. 
i(A  +  B)-^i(A-B)  =  A.        J{A  +  B)-i{A"B)  =  B.         '^  =  "^- 

In  the  first  equation  cot.  ^  0  may  be  used  in  the  plaee  of  tan,  ^  (A  +  B). 

Case  i. — Given  the  three  sides,  let  s  represent  half  the  sum  of  the  three  sides 
E=  J  (a  +  6  +  c).  Then  any  angle,  as  A,  may  be  obtained  from  either  of  tha  fol- 
lowing formulas,  founded  on  Theorem  HX : 


The  first  formula  should  be  used  when  A  <  90",  and  the  second  when  A  >  90°. 
The  third  should  not  be  used  when  A  is  nearly  180° ;  cor  (be  fonrtli  when  A  is 
nearly  90° ;  nor  the  fifth  when  A.fe  very  small.  Tha  third  is  the  most  eonvenieiil 
when  ail  the  angles  are  required. 
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DEMONSTKATIOKS  OF  PKOBLEMS,  ETC. 

Uast  of  tbe  problems,  Ac,  contained  in  the  precefling  pages,  reqnire  DooionBtra 
tions.  Theso  ■wlli  be  given  here,  and  will  be  deaigaated  by  the  same  nutnbeia  aa 
those  of  the  Artidea  to  whioli  they  refer. 

Ab  toany  of  these  Demonstrations  inTolve  the  beautiful  Theory  of  Transversals, 
Ac,  which  has  not  yet  found  its  way  iata  our  Geometries,  a  oondeneed  summary 
of  its  principal  Theorems  will  first  be  given. 

TKAKSVEESALS. 

Teeooeh  I. — If  a  straight  line  be  drawti  so  aa  to  cut  amj  two  sides  of  a  triangle, 
and  the  third  tide  prolonged.  Van  dimdinff  them  into  six  parts  (the  prolonged  side 
and  its  prolongation  beinp  tvso  of  the  parts),  then  will  the  product  of  any  three  of 
those  parts,  ahose  extremities  are  not  contii/uotis,  equal  the  product  of  the  other  three 

That  is,  in  Fig.  408,  ABC  being  the  triangle,  and  S'lg.  403. 

DF  the  Transversal,  BE  X  AD  X  CF=EAXDC  XBF. 

To  prove  this,  from  B  draw  EG,  parallel  to  CA. 
From  the  similar  triangles  BEG  and  AED,  we  have 
BG:BE::  AD:  AE.  From  the  similar  triangles 
BFG  and  CFD,  we  have  CD  ;  CF  j !  EG  :  BF. 
Multiplying  theeo  proportions  togetJier,  we  have 
BGXOD  :  BEXCF  : :  ADXBG  :  AEXBF.  Multi- 
plying extremes  and  means,  and  Bupproaang 
BE  X  AD  XCF  5=  EAXDO  XBF. 

These  sis  parts  are  sometimes  said  to  be  ia  involiUion 

If  the  Transversal  passes  entirely  out- 
side of  tbe  triangle,  and  cuts  the  prolonga- 
tions of  all  three  sides,  as  in  Fig.  40i,  tlie 
theorem  still  holds  good.  The  some  dem- 
onstratioD  applies  without  any  change.* 

TheobekII. — Conversely:  Jf  three  points 
te  taJcen  on  two  sides  of  a  triangle,  and  an 
the  third  side  prolonged,  or  on  the  prolon- 
gations of  the  three  sides,  dividing  them 
into  six  parts,  such  that  the  prodaet  of 
three  njm-consemlive  parts  equals  the  prod- 
uei  of  the  oilier  three  parts;  then  will  these  threepoii 


factor  BQ,  ^ 


This  Theorem  is  proved  by  a  Reduclio  ad  absiirdum. 

extended  to  polypong. 


■mght  linn. 
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388  TRANSVERSALS. 

THEOaEM  ni. — If  from  the  summits  of  a  tnangh,  lines 
he  draam,  to  a  point  Htaaied  either  withiit  or  tdtboui  the 
triangle,  and  prolonged  to  meet  the  aidsi  of  the  triaiigle, 
or  their  prolongations,  thm  dividing  them  into  sia  parts  ; 
then  will  the  product  of  any  three  non-coraecutMe  parts  le 
equal  to  the  product  of  the  other  three  parts. 

That  is,  in  Tig.  405,  or  Fig.  406, 

AE  X  BF  X  CD  =  EB  X  FC  X  DA.  Flp 

For,  tlie  tviangla  ABF  being  cut  bj 
the  Uaneversal  EC,  gives  the  relation 
jTbeoieni  I.), 

AEXBCXFP  =  EBXFCXPA, 

t  by  tlie 

DC  X  FB  X  PA=  AD  X  CB  X  FP.         /,---''"  "^^"1) 

Multipljing  tboBo  equations  togefier, 
and  suppressing  tlie  «ommon  factors 
PA,  CB,  and  FP,  we  Lave  AE  X  BF  X  CD  =  EB  X  FC  X  DA, 

TaEOEEK  IV. — CoEversaly :  ^  three  points  are  situated  on  the  three  sides  of  a  tri- 
angle, or  on  their  prolongations  (either  one,  or  three,  of  these  points  being  on  the  sides), 
so  that  iheg  divide  these  lines  i«  s«eft  a  imy  thai  the  product  of  arty  three  non-con 
seeutive  parts  equals  the  product  of  the  other  three  parts,  then  will  li'ies  draam  from 
these  points  to  the  opposite  angles  Tneet  in  the  same  point. 

Tills  Theorem  can  be  demonstrated  by  a  Rediictio  ad  absurdtan. 


COE.  \.—The  MEDIANS  of  a  triangle  (L  e.,  tlie  lines  drawn  from  its  summits  to 
the  middles  of  the  opposite  sides)  meet  in  the  samepoint. 

For,  supposing,  in  Fig.  405,  the  points  D,  E,  and  F  to  be  the  middles  of  the  sides, 
tlje  products  of  tbo  non-oonseoutive  parts  will  be  equal,  i.  e.,  AE  X  BP  X  CD  =i 
DAXEBXFO;  since  AE  =  EB,  BF  =  FC,  CD=DA.    TbeaTheorem  IV.  applies. 

Cob,  i.—TIte  BISSECTEICES  of  a  triangle  (i.  e.,  the  lines  bisecting  its  angles) 
iieet  in  the  samepoint. 

For,  in  Fig.  405,  supposing  the  IIdgs  AF,  BD,  CE  to  be  Bisseotrioes,  we  linva 
jLt^endre  IV.  17) : 

BF:FO::  AB:AC,  )  (BFXAG  =  FC  X  AB, 

CDsDAirBC.-BA,  [  whence  J  CDxBA  =  DAXBC, 
AE:  EB::CA:CB,  )  (AExCB  =  EBX  CA. 

Multiplying  these  eqnatious  together,  and  omitting  the  common  factors,  we  hav* 
BP  X  CD  X  AE  =  rC  X  DA  X  EK     Then  Theorem  IV.  applies. 
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TRAKSVEKSALS. 


Cor.  3.— The  ALTITUDES  of  a  Inanijle  (1.  e.,  tlie  Eajs  arawn  fi'om  its  Eummila 
perpendionlar  to  the  opposite  sides)  meet  in  Ihc  sams  point. 

For,  in  Tig.  405,  supposing  tlia  lines  AF,  BD,  and  CE,  to  be  Altitudes,  we  liavs 
three  pairs  of  similar  triaEglee,  BCD  and  FCA,  CAE  and  DAB,  ABP  and  EBC,  by 
comparing  which  we  obtain  rslationB  from  which  it  is  easy  to  deduce  BFxCDxAE 
esEEXFGxDA;  and  then  Theorem  IV.  again  applies. 

CoE.  4..-~y,  iti  Fig.  406,  or  Fig.  406,  the  point  F  he  taken  in  the  middle  of  EC, 
Ihen  will  the  line  ED  be  parallel  to  BO. 

For,  since  BF  =  FC,  the  equation  of  Theorem  III,  reduces  to  AE  X  CD=EB  X  D  A ; 
■  r.enee  AE  :  EB  : :  AD  :  DC  ■  ooneequently  ED  is  parallel  to  BC. 

Coa.  G.— Conversely  -.IfErhe  parallel  to  EC,  then  ie  BF  =  FC. 

For,  eince  AE :  EB  : :  AD  :  DO,  we  hiTo  AE  X  DC  =  EB  X  AD ;  whence,  in  tlie 
jquation  of  Theorem  III,,  we  must  have  BF  =  FC. 

Cob,  6. — From  tlie  preceding  Corollary,  we  derive  the  following  ; 

If  tteo  (PH&i  of  a  triangle  are  divided  proporlionaUy,  pj^  gj, 

tiarting  from,  the  some  summit,  as  A,  and  line«  are  dravm  A 

from  the  exlremilies  of  the  third  tide  to  th^  points  ofdiiii- 
lian,  the  iniersectioni  of  the  corresponding  lines  mil  all  lie 
in  tlis  same  straighi  line  Joining  the  smnmit  A,  and  the 
middle  of  the  bate. 

Cos.  1. — A  particular  case  of  the  preceding  corollary       /i--$^'^.    I 

In  any  trapezoid,  the  straight  line  lehich  joins  the  inter- 
eection,  of  the  diagonals  and  the  point  of  meeting  of  the  non^arallel  sides  prodwed, 
passes  through  the  middle  of  (lie  tico  parallel  bases, 

CoE.  8. — ^the  three  lines  dratm  through  t!ie  oorrespanding  smnmitt  of  two  trian- 
gles eat  each  other  in  ike  same  point,  then  the  three  points  in  which  the  corre^onding 
tides,  produced  ifnecessarg,  will  meet,  are  situated  in  the  same  straight  line. 

This  corollary  may  be  otherwise  enunciated,  thus ; 

If  loo  triangles  have  their  summits  situated,  two  and  twc 
meet  in  the  same  point,  then,  ite. 

This  is  proved  by  obtaining  by  Theorem  I.  three  equotjoi 
plied  ti^ether,  and  the  six  common  factors  cancelled,  give 
Theorem  H.  applies. 

Triangles  thns  situated  are  called  homotogic  ;  the  commo 
the  lines  passing  through  theii-  summits  la  called  the  eentTe 
line  on  which  the  sides  meet,  flie  axis  of  homology. 


e  lines  which 


1  point  of  meeting  of 
?f  homology;  and  the 
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IflRMOSIC  DIVISION . 


HAEMOKIC   DIVISION. 

DEUKmoNS.— A  sfj'aigbt  line,  AB,  ia  aaid  to  fig.  «S. 

be  harmonieally  dimded  at  tho  points  C  and  J>,   I 1— — -| ] 

when  these  pmnta  detormiDB  two  additive  seg-  C       B  B 

mente,  AO,  BO,  tmd  two  Bubtraotiva  eegmenta,  AD,  BD,  proportional  to  one  na- 
other ;  so  that  AC  !  EC  : ,  AD  :  BD.  It  wiU  be  seen  that  AC  must  be  more  thao 
BC.  Binoe  AD  ie  more  than  BD* 

This  relation  may  be  otherwise  expreaaed,  thus :  the  produet  of  tho  wliole  line 
by  the  middle  port  equals  the  product  of  the  extreme  pacts. 

Reciprocally,  the  line  DC  is  hamiocioally  divided  at  the  points  B  and  A ;  aiuca 
the  preceding  proportion  may  be  written  DB :  CB  : ;  DA :  CA, 

The  four  points,  A,  B,  Q  D,  are  called  harmimiet.  Tha  points  C  and  D  are  called 
harmotiia  canjvgates.     So  are  the  pomta  A  and  B. 

Whan  a  strMght  line,  as  AB,  is  divided  harmonically,  ils  half  is  a  mean  propor- 
tional between  the  distance  fram  the  middle  of  the  line  to  the  two  points,  C  and  D, 
which  divide  it  harmonically. 

If,  Irom  any  point,  0,  linos  be  drawn  so  as  to  I'is-  *19. 

divide  a  line  harmonically,  these  lines  are  called 
an  karmonie  peneil.    The  fonr  lines  which  ci 
pose  it,  OA,  00,  OB,  OD,  in  the  figure, 
called  its  radii,  and  the  purs  which  pasa  through 
the  conjugate  points  are  called  conjugale  radi 


Theorem  V. — In  any  Sairoonic  pendl,  a  line  draum  parallel 
radii,  is  disiiled  by  the  three  other  radii  into  tvto  equal  parts. 

Let  EF  be  the  line,  drawn  parallel  to  Fig,  410. 

OA.    Throngb  B  draw  GH,  also  parallel 
to  OA     We  have, 

GB :  OA : ;  BD  :  AD ;  and 
EHtOA::BC:AC. 


s  e/  thi 


But,  by  hypothesis,  AO  ;  BC  : ;  AD  ;  BD. 
Hence,  the  first  two  proportions  reduce  to 
RB  =  EH ;  and  consciiuently,  EK  =  KF. 

The  Seciprocat  is  also  true ;  L  e,. 

If  four  lines  radiating  from  a  point  are  sucft  thai  a  line  drawn  parallel  to 
them  is  divided  into  two  equal  parts  by  tlie  other  three,  tlie  foxir  lines  form  ■ 
moHic  pencU. 

*  Three  numbers,  vi,i^p,  arr&nged  In  ^ecreadng  otQer  of  alze,  fbcm  go  Jtarrnoni^  pre 
when  UiQ  aifferenco  of  the  Sret  mi  the  Becond  is  to  the  differeace  ot  the  secoad  and  tbs 
Ok  first  Is  to  tbe  third.  Bnoh  ata  tlis  nnmbets  a,  4,  and  8 ;  or  6, 3.  and  S ;  or  16,  la,  anc 
Bo,  In  Fig.  4m,  Me  tbe  Hoes  AD.  AB,  snd  AO,  wMch  Uina  give  £D;OB;:AD 
AC:CB::AD:BD,   The  scries  of  ftacUona,  i  1  ^,  ^,  |,  &c,  fa  ijallea  aaharmifnie. 
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Theoheu  VI. — If  any  tranaeers^  to  an  harmonic  peiicil  be  drawn,  it  jiiU  be  divided 
^armonieaXly. 

Let  LM  be  the  transrersal  Tlirough  K,  where  LM  intersects  OB,  draw  EF 
parallel  to  OA.  It  is  tisectad  at  K  by  tha  preeeding  theorem ;  and  tlie  similar 
triangles,  FMK  and  IMO,  EKM"  and  LNO,  give  the  proportions 

L1I:KM::  OLjFK,  andLN:NK::OL!EK;  whence, 
since  FK  =BK,  we  hiiTB  UT :  NK : ;  Ud ;  KM, 

CoROLiAKT.— rAs  two  Mes  o/any  <aigle,  together  with  tlie  bisseelriees  of  the  ongh 
and  of  its  iiipp!eineni,/orm  an  harmonic  pencil. 

TsEOSEU  YII. — If,  fram  the   mmndls   of  any  I'ls*  *!!■ 

triangls,  ABO,  through   any  point,  P,  iJisre  I 
drawn  the  trartsverndi  AD,  BE,  CF,  and  the  tt 
veraal  ED  bi  drawn  to  meet  AB  prolonged,  in  F', 
the  pointe  S  and  F'  itill  divide  the  base  AB  har- 
tnonicaily, 

Tbis  may  ba  otherwisa  aspresaed,  thns ; 

The  line,  OP,  vihich  Joint  the  intersection  of  the  Magonale  of  anj  giiadrilateral, 
ABDB,  with  the  point  of  meeting,  0,  of  two  opposite  sidee  prolonged,  eati  the  tide 
AB  in  apoint  F,  ahich  is  the  harmonia  conjugate  of  the  point  of  meeting,  F',  of 
the  other  two  sides,  ED  and  AB,  prolonged. 

For,  by  Theorem  1.,  AF'  X  BD  X  CE  =  F'B  x  DC  X  EA. ;  and 
by  Tlieorem  111.,  AI"  X  BD  X  CE  =  i'B  X  DC  X  EA ; 
whence  AF :  FB  : :  AF'  ;  F'B. 


THE   COMPLETE   QUADEILATEKAL. 


A  Complete  Quadrilateral  is  formud  by 
drawing  any  four  straight  lines,  so  tiiat  each 
of  iiara  shall  out  each  of  the  other  threi?,  so 
aa  to  giya  sis  different  points  of  intersection. 
It  is  BO  called  because  in  the  figure  thus 
formed  are  fonod  three  quadrilaterals ;  via., 
m  Fig.  413,  ABCD,  a  common  convex  quadri- 
lateral;  EAFC,  a  uni-eoncave  quadrilateral; 
and  EBAFD,  a  U-conca'se  qcadrilaleral,  com- 
posed of  two  opposite  triangles. 

The  complete  quadrilateral,  AEECDF,  has 
iliree  diagonals ;  viz.,  two  interior,  AC,  BD ; 
and  one  exterior,  EF. 


Theobew  VIIT. — In  every  oi 
iiagonata  lie  in  the  same  straight  lint 

AEBCDF  is  the  quadrilateral,  and  L3IK  the  middle  points  of  it 
nals.     From  A  and  D  draw  parallels  to  BO,  and  from  B  and  C  dra 


QUADKILATlin 


B  7iiiddls  poi 
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THE  COMPLETE  QSI'sDKILATKRlL. 


Lai 


AD.  The  triangle  EDC  being  out  oy  tlio  transversal  BF,  we  have  (Tlieorem  I.), 
DF  X  CB  X  EA=  OF  X  EE  X  DA.  From  the  equality  of  parallels  between 
parallels,  we  have  CE=E'B',  EA  =  CA',  EB  =  DB',  DA  =  E'A'.  Heace,  tlie 
ttOoye  equation  becomes  DF  X  E'B'  X  CA'  =  CF  X  DB'  X  E'A' ;  therefore,  by 
Theorem  U.,  the  pomts,  F,  B',  A',  lie  in  tlie  aame  straight  line.  Now,  since  the 
dingouals  of  the  parallelogram  FCA'A  liisect  each  other  st  N,  and  those  of  tlie  par- 
aUelogi'am  EEB'D  at  M,  we  have  EN  :  NA' :  r  EM ;  ME'.  Then  MN  is  parallel  to 
FA' ;  and  we  have  EN :  NA'  : :  EL  ;  LF,  or  EL  =  LF,  so  thai  L  is  the  middle  c( 
EF,  and  the  same  straight  line  passes  through  L,  M,  and  N. 

Theohek  IX, — In  every  complete  quadrilateral  each  of  the  three  iSoffonali  ia 
divided  hartnonicaUi/  bff  the  two  otiiers. 

CEBADF  ia  the  complete   quadrilateral  ^'S-  f8. 

The  diagonal  EF  Js  divided  harmoDically  at 
G  and  H  by  DB  and  AO  prodaoed ;  s 
AH,  DE,  and  FB  are  Uiree  tranaversals 
drawn  from  the  summits  of  the  triangle 
AEF  through  the  SBino  point  0 ;  and  there- 
fore, hj  Theorem  VIL,  DBO  and  AOH  di- 
vide EF  harmonioaliy.  ■ 

So  too,  in  the  triangle  ABD,  CB,  CA,  CD, 
ore  the  three  tranaveraala  passing  through  C ;  and  G  and  K  therefore  divide  the 
diagonal  BD  harmonically. 

So  too,  in  the  triangle,  ABC,  DA,  DB,  DC  are  the  transvei-sals,  and  H  and  K 
tlie  poiata  which  divide  the  diagonal  AO  harmonically. 

Tbbobkm  S. — If  from  apoint,  A,  any  mem- 
ber of  lines  be  draym,  cuitinff  tlie  sides  of  an 
angle  POQ,  the  iitleraeetiotis  of  the  diagonals 
of  the  guadrilalsrali  (Aus  formed  will  all  lie 
in  the  same  straight  line  passing  through  the 
summit  of  the  angle. 

By  the  preceding  Tbeorcm,  the  diagonal  ^ 
EC  ofthe  complete  quadrilateral,BAB'C'GO,'^  "  "'  *''"  ^ 

is  divided  harmonically  at  D  and  E.  Hence,  OA,  OP,  OD,  and  OQ,  form  an  hnr- 
laonio  pencil.  So  do  OA,  OP,  OD',  and  OQ.  Therefore,  the  lines  OD,  OD'  coin- 
eide.    So  for  the  other  intersections, 

If  the  point  A  moves  on  OA,  the  line  OD  is  not  displaced.  If,  on  the  contrary, 
OA  is  displaced,  OD  turns  around  the  point  0.  Hence,  the  point  A  ia  said  to  be  a 
pole  with  respect  ia  the  line  OD,  which  is  itself  called  the  polar  of  the  point  A 
Similarly,  D  is  a  pole  of  OA,  which  is  the  polar  of  D.  OD  is  likewise  the  polar  of 
any  other  point  oq  the  line  OA;  aod  this  property  is  necessarily  reciprocal  for  the 
two  conjugate  radii  OA,  OD,  with  respect  to  the  lines  OP,  OQ,  which  are  also 
conjugate  radiL  Hence ;  In  every  harmonic  pencil,  each  of  the  radii  is  a  polar 
with  respect  to  each  point  of  its  conjagate ;  and  eaoh  point  of  this  latter  line  is  a 
pole  with  resptct  to  tli*  fomei. 
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BEMOKSr  RATIONS." 
PART  II. ;  CilAPTEa  V. 

:a  foimed  id  these  metliods  pcoyej 

(143),  (l-ai)  Tliese  metliods  depend  on  the  prmciple  of  the  s^unre  of  the 
hypothenuse. 

(145)  OAD  is  mi  angle  tneciibed.  in  b,  semieirde, 

(146)  Let  fall  a  perpendicular  from  B  to  AC,  meeting  it  at  a  point  E,  not 
marked  in  Fig.  91,    Then  (Legendre,  IV.  13), 

AB'  =  AC  +  BO"  —  2  AC .  CE ;  whenw  CB  =  ^'^'"^o^fn"^^'- 

When  AO  =  AE,  iJiia  Ucomes  CE  =  -—-;,.  The  similar  triangles,  BCE  and  DOA, 

giye  EC    CB : :  AC  !  CD ;  whence 

(141')  Mark  a  point,  6,  in  the  middle  of  DF,  and  join  GA.    Tiio  tvianglo  AGD 

will  then  be  isosceles,  since  it  is  equal  to  the  isoauele a  triangle  ABC,  having  two  sides 

and  the  iuoluded  angle  equal   Tlien  AG  =  GD  =  AB  =  OF.    Tha  triangle  AGF  ia 

then  also  iaosoeUft  Now  the  angle  FAG  =  i  AGD  ;  sndGAD  =  iFGA.  Therefoi^e 

FAG  +  GAD  =  FAD  =  i  (AGD  +  FGA)  =  i  (lEO")  =  90". 

(149)  See  Part  VII.,  Art.  (403). 

(150)  The  proof  foUowB  from  the  equal  triangles  foi'mcd. 

(151)  The  proof  is  found  in  the  Srst  half  of  tha  proof  of  Art.  (146). 

(153)  ACP  ia  an  angle  ineeribed  in  a,  eemicii'cle. 

(154)  Draw  from  C  a  porpendicular  to  tha  given  line,  meeting  it  at  a  point  R 
As  in  tha  proof  of  Art,  (146),  changing  the  letters  suitably,  we  have  AE='-.— . 
rhe  similar  triangles  AEO  and  ADP  give 

_AT  X  AC 
~     BAB    ■ 

(155)  Similar  triangles  prove  this. 

(15fi)  The  equal  ti-ianglea  whicli  are  fovmod  give  BP  =  CF,     Hence  FP  ia 
DJirallel  to  BC,  and  consequentlj  perpendicular  to  the  given  line  DC 
(257)  The  proof  of  thia  is  found  in  the  "  Theory  of  Transversals,"  corollary  3. 
(15§)  ^e  proof  of  tliia  is  the  same  aa  the  last. 
(Ifli)  Tiie  lines  ore  paraHel  because  of  the  equal  angles  formed. 

jmptoyeil    Tlie  atudenl  shouM 


AC:  AE::AP;AD  =  --X  AE  =  - 
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(162)  The  equal  tnanglea  give  equal  angles,  and  therefore  paviillek. 

(163)  AB  ia  paraUel  to  PF,  aiiico  iteuta  tbo  aides  of  the  triangle  proportionally, 

(164)  The  proof  ia  found  in  corollary  4  of  "  Ti'ansTersals." 

(165)  From  the  aimilor  triangles,  CAD  and  CEP,  wo  hava  CE :  CD : :  CP ;  CA. 
From  the  similar  triangles,  CEF  and  CBD,  we  have  CE  :  CD  : :  CF  :  CB.  These 
two  proportions  give  the  following;  CP :  CA : :  CF  ;  CB.  Therefore  PF  ia  par- 
Bliel  to  AB. 

(166)  Draw  PE,  The  fiimilar  ti'langlea  PCE  and  ACD  give  PE :  CE : :  AD :  CD. 
The  Bimilar  triangles  CEP  and  CDB  give  EF  :  CE : :  DB  :  CD,  Thaae  proportiona 
produce  PE  :  EF  : :  AD :  DB.  Henoe  PEF  ia  similar  to  ADB,  aad  PF  is  parallel 
toAB. 

triangles  which  are  forrned,  pi-OTea  this 


CP  :  DP : :  CA  X  ES  :  AE  X  BD. 
By  "division,"  CP  — DP:  DP::  CA  X  EB~  AE  x  BD  ;  AE  X  BD. 
DC  X  AE  X  BD 


The  other  formuka  are  amplified  by  the  coramoti  fattora  ohtEuaed  by  moliing 
AE  =  AC,  orBE  =  BD. 

(175)  By  Theorem  VII.  "  Harmonic  Division,"  in  the  quadrilateral  ABED,  the 
line  CF  cuta  DE  in  a  point,  L,  which  ia  tie  harmonic  conjugate  of  the  point  at 
whieli  AB  and  DE,  produced,  wonid  meet  So  too,  in  tlie  quadiilateral  DEHK, 
this  same  Ime,  CG,  produced,  cuta  DE  in  a  point,  L,  whieh  is  the  harmonio  conju- 
gate of  the  point  at  whioh  DE  and  KH,  produced,  would  meet.  Consequently, 
AB,  DE,  and  ICH  must  meet  in  the  same  point.  Olhermae;  this  problem  may  ba 
regarded  as  the  converse  of  Theorem  X.  of  "I'rnnsversals,"  BOA  being  the  angle, 
and  P  the  point  fram  which  the  radiating  lines  are  drawn. 

(ITO)  EGCFDH  is  the"  Complete  Quadrilatefal,"  Its  three  diagonals  are  FE, 
DC,  and  KG;  and  their  middle  points  A,  B,  and  P  lie  in  tlie  aame  straight  line,  by 
our  Theorem  VIII, 


(184)  The  first  method  given.  Fig.  120,  is  another  application  of  the  Theory  o/ 
Transversals.  The  second  method  in  the  article  is  proved  by  suppoBiog  tlie  figure 
to  be  constructed,  in  which  cobo  we  should  have  a  triangle  QZR,  whose  base,  QK, 
and  a  parallel  to  it,  BD,  wou.d  be  cut  proportionally  hy  the  requii'ed  line   PSZ  ; 

80  tliat  QR:ED  :  L  QP:  B3  =  5^~. 

(I§9)  By  "Transversals,"  Theorem  I,,  we  obtain,  regarding  CD  as  the  trans- 
versal of  the  triangle  ABE,  OBxAFxED  =  AGxFExDB;  and  since  ED  =  DB. 
this  becomes  CB  X  AF  =  ACXFE;  whence  the  proportion  CB  i  AC:-.PE:  AF. 
By  "division,"   we   have   C3  — AC  :  AC  ;:  FE~AF  :  AF.      Observinj^   thai 

:)B  —  AC  =  AB,  we  obtain  AB  =  ^  ■  (FE  —  AF), 


HostecJ  by 


Google 


^■] 


For  Part  II.!  Chaistcr  V. 


(1»0)  Tabu  CII  =  OB  ;  and  from  B  let  full  a  perpen' 
dioular,  EK,  to  AC.  Then,  in  the  triangle  CBH,  we  liavf 
{Legendre  IV.  12), 

_  Cn'  +  EH'  — BC'_  Bll'  _ 


HK  = 


2CH 


a  EC' 


EiDce  CH  =  BC. 

In  the  triangle  ABH,  ve  have  (Leg.  IV.  13) 

AB'  =  AH'  +  Bff  +  a  AH .  HK, 

Bnbstitutiug  for  HK,  its  value  from  [1].  we  get 

AB-  =  AH.+  BII-(l  +  -||). 


But 


AH  =  AO-CH  =  AO  — BC 


W 


..  AB'  =  AH'  +  BH'(l  +  ±tl55)=AH-+BH'.^. 


[!1 


TakeCF  =  CD.    Then  DF  is  para 

"'■""  Bip=Di'.5|,  m 

Jn  ttia  equation  W  ia  unknown ;  but  bj  proceeding  aa  at  tlio  beginning  of  tbia 

CE 
inveatigation,  we  get  nn  equfttiou  analogous  to  [2],  giving  ED'  =  EF"  +  IT  -  jvj^ ) 

whence  DP  =  (DE'  —  EP) .  ^. 

Substituting  thU  value  of  DP*  in  [3],  we  heve 

BH'  =  (DE'  —  EF')—'^'" 


'CDXOE' 


SiiM 


ibing  tills  value  of  B 


n  [2],  ^ 


'■CDxCE 
a  right  angle,  AC  h 


mean  proportional  between  AB 


{193;  I'lie  proof  follows  from  the  eimilnr  triangles  conatructad. 
(193)  The  eimilar  triangles  give  DE  :  AC  : ;  DB  :  AS  ;  whence,  by  "division," 
DE  — AC  :  AC  ::  DB  — AB  :  AB;  whence,  since  DB  —  ABz=:  AD,  we   have 

"=^§?^' 

(194}  From  the   similar  triangles,  we  have   DE  x  CA::  EB  :  AB;  whence 
DE  — CA  :  CA  ::  EB  — AB  :  AB;   whence,    since    EB  — AB=3AE,we    gtt 

DE-AC 
(195)  The  triangles  DEF  and  BAF,  ainiikr  because  of  the  parallelogram  which 
^  constructed,  give  FE  :  ED  ;  i  AF  :  AB  =  ^^  =  ^'^^^^^- 
The  triangles  DEF  and  BCD  give  similarly  FE  :  ED ; :  DC  !  CB  =  — == — . 
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I'M  DEJIOiVSTEiTIOIS  [ii-p.  a 

(19C)  Tho  equality  of  the  triangles  formed  provoa  this  problem. 

(197)  Tlio  proof  of  tiia  problem  also  depends  on  the  equality  of  tbe  triiinglei 
eonatruoted.    The  details  of  the  proof  require  attention. 

(10§)  EBia  the  traiiBTersal  of  the  triangle  ACD.    Consequently,  CBxAFxDE 
=  ABXFI1XCE;  or.sinceOB  =  AB+AC,(AB+AC)xAFxDE=ABxS'DxC'i:; 

,  ,^_       ACXAFXDB 

"  ^"^^  FDXCE  — AFXDE" 


(109)  The  line  BE  is  hartnonioally  diyidod  at  the  points  H  and  A,  from  The  jrem 
IX,  ECFBGD  being  a  "  Complete  Quadrilateral."  Consequently,  AE  :  EH : ;  AB :  HR 
Hence,  by  "dinflion,"  AE  — EH:  AE  :;  AE  — IiB:AB,    We  therefore  hare, 

(200)  For  the  same  reasons  aa  in  the  last  article,  CFis  harmonioallj  divided  at  H 
and  D ;  and  we  hare  OH:HF;:CD:DF;  whence  CH  —  HF:Cn::OD  —  DF:  CD 

Hence,  since  CD  —  DF  =  CF,  CD  =  ^^^^. 

The  other  two  espresBions  come  from  -writing  CF  as  CH  +  HF,  and  HF  a» 
CF  — CH. 

(801)  The  equality  of  the  triangles  formed  proves  the  equality  of  the  eorre- 
Bponding  sides  KD  and  DE,  £c. 


by  tlia   measuremeat  of  CE)   giye 
CD  :  DE : :  CA  :  AB  _  f^" "'^'^ 

(90S)  The  aimilar  triangles  (made  ao  by  tlia  parallel)  give  CE  :  EA  : :  CD  :  AB 
_  CDX  EA  _  C!DX(AC  —  CE) 


The  similar  triangles  FGH  and  ABC  give  FG :  GH  : :  BC  :  AB  =  BC  ^. 

Subatituting  for  BO,  its  above  value,  we  have  AB  s=  — ■  — . 

When  CD  ^=  CE,  DF  =  CD,  ivhenee  the  second  formula, 

(205)  The  equality  of  the  symmetrical  tiiangles  whicli  are  formed,  piovea  the 
equality  of  A'B'  to  AB. 
(306)  The  proof  of  this  is  similar  to  the  preceding. 

(20T)  Because  the  two  triangles  ABC  and  ADE  have  a  common  angle  at  A, 
we  hare  ADE  :  ABC  : ;  AD  X  AE :  AB  X  AC ;  whence  the  expression  for  ABO, 

(208)  From  B  let  fall  a  perpendicular  to  AC,  meeting  it  at  a  point  B'.  Call 
this  perpendicular  BB'  =  p.  Fiom  D  let  fall  a  perpendicular  to  AC,  meeting  it 
It  a  point  D'.     Call  this  perpendicular  DD'  :=  q. 
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[app.  e.]  For  I'art  T. 

Thii  quadrilateral  ABCD  =  AC  X  ^  (;i  +  5). 
The  tiiangle  BCE  =  CE  X  i  p  ;  whence  p  =:  - 

The    dmilar  trimiglea  EDD'    and  BEE'   give 
_    pE_a.EOEXDE 
''~''be~    CExBE    ' 

Then  i  (?  +  !)  =  ^  +  -CExW  = 
Lnstly,  ABOD  =  AC  X  BCE  X  ;= 


BE+DE_ 

^  OEXfiK""""'  "  CEXBE' 

ACXBD 

'^CExBE' 


DEMONSTRATIONS  FOE  PAKT  V. 

(3S2)  Let  B  ^  tha  monsued  inclined  length,  6=:  this  length  reduced  to  n 
horizontfil  piano,  and  A^tho  angle  whicli  the  measured  base  mabea  -with 
tlie  horiaon.  Thea  5  =  B  .  cpi  A  and  the  exoeas  of  B  over  6,  I  c, 
B  —  J  =  B  (1  —  COS.  A).  Since  1  ~  cos.  A  =  2  (ein.  i  A)'  [Trigouometry, 
Ari  (9)],  wa  have  B  — 6  =  3  B  {sio.  i  A)'.  Substituting  for  ain.  |,A,  its 
approxlmata  eqnivalent,  ^  A  X  ein.  1'  [Trigonometry,  Art.  (5)].  -we  obtain 
M  — i  =  3  If  (J  A  X  sin.  l')'  =  i  (ain.  I'j'.A'.B,  =0,00000004231  A=  B 
By  logarithms,  log.  (B  —  J)  =  2.6264234-  2  log.  A  +  log.  B.  The  greater  preoiaion 
of  thia  calculation  than  that  of  i  =  B .  cos.  A,  arisea  from  the  slowness  with  which 
the  coBines  of  very  small  angles  iperease  or  decrease  in  length. 

(386)  The  exterior  angle  LER  =  LCR  + OLD.  Also,  LEK  =  LDR  +  CI1D. 
.■.LCR+CLD  =  LDR+CRD,      and  LCR  =  LDR+CED-CLD. 


From  the  friaugle  CED  m 
From  the  triangle  CLD  b 


;get 


Q.  CRD  = 


1.  CDR  X 
id.  CLD  =  sin.LDCx)^ 


CD 


CR' 


LCR  =  LDR  +  ein.  CDIi  X 


CR 


in,  LDO  X 
and  to  liai 


CL' 
a  them 


The  last  two  terma  are  exprsssad  in  parte  of  radiii! 
they  must  be  divided  by  sin.  1"  iTngunumetry,  Art.  (5),  Note],  which  gives  (he 
formula  in  the  text.  Olierwiae,  the  correction  being  in  parts  of  radius,  may  bo 
brought  into  seoonda  bymultiflying  it  by  the  length  of  tlie  radius  in  seconds;  i.  e., 
180°  X  6( 


3,U159,  &o. 


-  =  206264".8082B  [Trigoao 


try,  Art.  (2)]. 


(391)  The  triangles  AOB,  BOO,  COD,  Ac,  give  the  following  proportions 
[Trigonometry,  Art.  (12),  Theorem  I.]  ;  AO  :  OB  : :  ein.  (2)  :  sin.  (1)  ; 
OB !  00  s:  sin.  (4) :  sin.  (3) ;  OC  ;  OD !  t  sin.  (8) :  sin.  (6) ;  and  eo  on  aroona  the 
polygon.  Multiplying  together  the  corresponding  terms  of  all  the  proportions, 
the  sides  will  all  ha  cancelled,  and  there  will  result 
1:  1 1 !  ain.  (2)  X  sin.  (4)  X  sin.  (6)  X  sin.  (S)  X  sin.  (10}  X  sin.  (12)  X  sin,  (14): 

sin.  (1)  X  ain,  (3)  X  sin.  (5)  X  sin,  (7}  X  sin.  (9)  X  ain.  (11)  X  sin.  (1^), 
Sence  the  equality  of  the  last  two  terma  of  the  propoi'tion. 
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DEIIONSTRITIONS 


DEMONSTRATION"  FOR  PART  VI. 
(399)  In  ilia  tilangle  AE3,  we  Jmvo 

.i..ASIl:*.BiS::AB:SB  =  ^='»"-=i'*-'-"°'" 
In  tte  triangle  OBS,  wo  have 

Bin.  BSC  L  sb.  BCS  : :  BC  :  SB  = 
Hence   '■^^"■''^  _  n.ein.Y  ^  ^^j,^^^^ 

In  the  quadi-ilateral  ABCS,  we  hare 
BCS  =  afiO''--ASB  — B3C~ABC  — BAS;  or  VsSao"  — S  — S'  — B  — U. 

LetTssSeo"  — S  — S'— B,  andwahsTe  V  =  T  — U.  [4l 

Subsfituting  Oiia  value  of  V,  in  eijuation  [3],  ire  get  [Tiig.,  Art.  (8)], 

o.EJnS' Bin,  U  — a.  ein.  S  (sin.  T.  COS.  U  — oos.T.ein.  U)  =0. 
Dividing  by  sin.  U,  we  get 

c.Bin.  S'— n.Gin,  S  /sm.  T.  5^,  —  cos.  t\  =  0 
Whence  we  have 

___  i-S'-f-si' 


6in.  ASB 

6ln,S    ■               •■' 

BO.  sin.  BCS      a. 
Bin.BaO             s 

^-          M 

ein.  S'.flin.tr-a.sii 

1,  S  .  Bin.  V=0.  [8] 

=  cot.  U  = 


Separating  tliis  expreasion  info  two  parts,  and  cancelling,  we  get 


Separating  the  second  member  into  factors,  we  get 

c.i  F  =  ..l.  T  (.„°.','a;.'Li  + 1)- 

Having  foun3  U,  eqnation  [4]  gives  V ;  and  eitiier  [1]  or  [2]  gives  SB ;  an. 
a&  and  SG  are  then  given  by  the  familiar  "  Sins  propurtion"  [Trig,  Art,  (13)1 
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xpp.  B.]  For  Part  Vil.  399 

DEMOSSTEATIOKS  FOR  P^VRT  VII. 

(408)  If  APC  bo  a  right  angle,  ^— cos.  CAB  [Trigonometry,  Art.  (4)]. 

(405)  AC  =  PC.  tan. APC;  and  CB  =  PC.tBii.  BPCp'rlgonometiy,  Art.  (1)] 
Hcnca  AG  :  CB  : :  tan.  APO  :  tan,  BPC ;  and 

AC  :  AC  +  CB  : :  tan.  APC  :  tan.  APO  +  tan,  BPC, 

CouBequentlj,  e[a<ie  AO  +  CB  =  AB,      AC  £=  AB  ■  7 ^.j^-x-- gp^. 

(414)  Tlie  equal  and  supplementary  anglas  formed  prove  tlie  operation, 
(421)   In  Pig.  235,  CA:EG::AB:GB.      By  "division,"  CA— EG  :  EG  : : 

AB  —  QB  T  GB.     Ueneo,    obseiTirg   tliat    AB  —  GB  =  AG,   ive    shall    liuva 
GB(CA  — EG) 

AG eW^- 

(483)       Art.    (12),    Theorem    III.,     [Trigonometry,    Appendix    A,]    gives 

(6)],  K  leing  the  eupplement  of  C,  e'  =  a'  +  6=  +  2  06  ,  009,  K.  The  scries  [Trig. 
Art.  (S)]  for  the  length  of  a  eoaino,  gives,  tailing  only  its  first  two  terms,  since  K  is 
very  smaJl,  cos,  K  =  1  —  i  K".     Hence, 

whence,  .  =  („  +  .)^(i-^^^£,). 

Developing  the  quantity  under  the  radical  sign  by  tlio  biiinmijil  theorem,  and  neg- 
lecting the  terms  after  the  second,  it  becomes 

Substituting  for  K  minutes,  K  ,  sin,  1'  [Trig,  Art,  (0)],  and  performing  tlie  multj. 
plication  by  a  -f-  i,  wo  obtain 

.__  ,    ,       «He,(sin,V)'     ,,_^ 


whence  the  formula  in  the  test,  c  =  n  +  i  —  0,0000000428 


=  0,0000000428079 


Tiioorem  I],  0  =;  if  .  '  „„„■    The  triangle  ACD  eimllarly  gin 


(430)  In  the  triangle  ABC,  designate  the  angles  as  A,  B,  C  ;  and  the  sidei  op- 
posite to  them  as  a,  6,  c.    Let  CD  =  d.    Tlie  triangle  BCD  gives  [Trig,,  Art  (12), 

.^_  fjBjj-    The  triangle  ACD  eimllarly  gives  b=:d-  ^""'  f^j^jy 
In  the  triangle  ABC,  we  have  [Trig,,  Art.  (12),  Theorem  II.], 
{an,4(A  —  B):cot.iC::a  — i:a  +  i; 
5-lionee  tan.  f  (A  —  B)  =  ^^  -  cof.  |  C.  [1] 

Let  K  be  an  auxiliary  angle,  audi  that  i  =  o.tan.  K;  whence  tan.  K^-' 
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Dividiag  tlie  second  member  of  equation  [1],  atioTe  and  below,  bj  a,  and  aubsti 
ting  tan.  K  for  ^,  we  get  tan.  i  (A  —  B)  =  --^-*-^"^  ■  cot.  i  C. 
Since  tan.  46°  =  1,  we  may  subatitutn  it  for  1  in  the  preceding  o^jaatjou,  ! 


w.  B.1  U..  i  (A_B)  =  j;^;^^-^.oo..  i  0. 

From  the  expression  for  tlie  tangent  of  the  difference  of  two  oi'oa  [Trig.,  Art, 
(8)],  the  preceding  fraction  reduces  to  tan.  (45"  —  K) ;  and  tlio  equation  becomes 
tan.i(A-B)  =  tan.(45''-K).eot.JC.  [2] 

In  tlie  equation  tan.  K^-,  substitute  the  values  of  b  nnd  ii  from  the  formulas 
«t  tlie  beginning  of  tliia  iuTestigation.    This  gives 

„_,  ain.ADC_^      sin.  BDC_Ein.  ABC .  sin.  CBD 
ain.CAD   "       sin.  CBD "* sin.  CAD .  sin.  BDC' 
(A  --  B)  is  then  obtained  by  equation  [2]  ;  (A  +  B)  is  the   supplement  of  H 
therefore  the  angle  A  is  known. 

._.«_"-^i"-0_'^-^i'>-BDC.sin.ACB 


Tlie  use  of  tlie  iiuxiliary  angle  K,  avoids  the  calculation  of  the  sides  a  and  J. 

(434)  In  (he  figure  on  page  292,  produce  AD  to  some  point  F.  Tlie  esterior 
angles,  EBOsA  +  P;  ILCDsA  +  Q;  EDF  =  A+E,  The  triangle  ABB 
gWea  —  =  .  '    .    The  triangle  AOE  gives  -— -  =  .  '     -     Dividing  msinhei- 

"        "'"■        BE  «.ein.  Q 

by  member,  we  get  -  =  ^^_^_^^^^^.■ 

In  the   same  way  tho  triangles  BED  and  CED  give  -J^  = '""' '^"^-^''j  ; 
■'  "  °        b+x      Bin.  (E— 1')' 

Equating  these  two  Tsiuea  of  the  aame  ratio,  ire  get 
_(i  +  .).i..(B- 


(•  +  i).in.  P  i.,in.(E_P) 

zll- 


and  thence 


To  solve  this  equation  of  the  2ii  degree,  with  reference  to  a,  miilje 
,.„.K-     **'         ■i°.Q(»le.B-P) 
(9  — 6)''eia.P(siB.il  — Q)' 

TTien  the  tirst  memher  of  tlie  preceding  equation  =:i  ■(« —  J)'  X  tan 
we  gel  .•  +  («  +  5)i  =  i(«-i)>.tan.'K-ai, 

and  i  =  _)(.  +  S)±v/H(«-S)'-l"n.'K-oS  +  J(«+i)'l 

=  -)(«  +  i)  ±VU  (a-5)'-t.n.'E  +  J  (— S)'] 

=-!(•  + ^)±i(»-s)^/(l'u■•I£  +  I). 

Cr,  .Inee  ^  (tan.-  K  +  1)  =  .otnnt  It  =  ~, ».  in.ve  ,  =  -  ^  ±  ; 
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(4tlSt)  The  aontent  being  given,  end  the  leagUi  to  be  n  times  the  breadth 
Ereadth  X"  times  breadtii  =  content ;  whence,  Bceadlh=j/  ( V 

Given  the  content  i=e,  and  the  difference  of  the  length  find  breadths  J;  to 
find  the  length  ;,  and  the  breadth  b.  "We  have  I  Xb  =  c;  and?  —  i  =  ii  From 
these  two  e([uations  we  get  J  =  J  d  +  ^  ^  (rf'  -J"  4  c). 

Given  the  ooQtent  ^  c,  find  the  sum  of  the  length  and  breadth  =  s;  to  find  J  and  S. 
We  have  iX  b  =  c;  andi-f-i  =  s;  whence  we  get  I  =  i  s  -{■  i  ^  (s'  —  i  c). 

(494)  The  firat  rale  ia  a  consequence  of  the  area  of  a  ti-iangle  lieing  the  product 
of  its  height  bj  half  ita  base. 

To  get  the  second  rule,  call  the  height  h ;  then  the  baaa  =  itih  ;  and  the  area 
ssiftXmA;  whence  A  =  j/ ^^-^^^^ 

For  the  equilateral  triangle,  calling  its  side  e,  the  formula  for  the  area  of  a  tdanglo 
v'[(iO(4*-«)tt^"S)(i^-'')]r«duoeUoi.V3.  Hence.  =  2|/(^) 
=  1.5197  v/ area. 

(495)  By  Art.  (U5),  Note,  4 .  AB  X  BG  X  ein.  ] 
„^_2XABC 


It  of  ABO;  wheiic 


"=./(^r) 


(49T)  The  blocks,  including  half  of  tho  e 
SOO  X  36O  =  2Si000  square  feef.  This  area 
feet,  would  gire  not  quite  12  lots. 

(508)  The  parallelognua  ABDC  being  double  the  triangle  ABC,  t 
Art  (495),  sl^hUy  modiSed,  applies  here. 

(504)  Pi-oduce  BO  and  AD  to  meet  in  E.  Fig.  ms,  bis. 

By  similnr  triangles, 

ABE  :  DCE  : :  AB'^ :  DC. 
ABE  —  DCE :  ABE  : :  AB'  —  DC  :  AE'' 
Kow  ABB  — DCEsABCD;    also,   by 
Art.  (65),  Note, 

ABE  =  AB'.^'' 


The  above  proport 


n.(A+B)- 
Q  therefore  beeomea 


Multiplying  extre 
roof,  we  get  CD  = 


.,/[ab-- 
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Wten  A  +  B  >  180°,  ain.  {A  +  B)  is  negative,  and  therefore  the  fraction  ii 
nhtoh  it  ocouFs  becomes  positive. 
CF  being  drawn  parallel  to  DA,  we  have 


'^"-■"=-™-jBOF-"'.i..„»"-l-A-B)-<"      CD,, 

n.(A  +  L-, 

>"-       (A"      ™)i„,  (A  +  B)' 

(505)  Silica  similar  triangles  are  aa  the  squares  of  their  homulo. 

gaai  aidtj. 

BDE  :  BFG  : :  ED' i  BF-;  whence  BF  =  2Dj/(|||y 

(50G)BFG  =  ^BFxFG  =  i.BFxBF.tan.  B; 

-=i/(S°)' 

(510)  Br  Art.  (SS),  Kole.  BM  =  BF-.^i±J^i^j  ; 

//2.Ein.  (B4-F).BFG\ 

(SBB)  The  final  formula  results  from  tlio  proportion 

FAE:  CDE::  AE":ED'. 
(51S)  Since  triangles  whieh  have  an  angle  in  each  equal,  are  a 
the  sides  aLout  the  equal  angles,  we  have  ■ 

ABE  :  CDE : :  AE  X  BE :  CE  X  DE. 

AE  =  AB ,  "^ 


'  ■sin.(A  +  B)' 

Substitutiug  these  values  in  the  preceding  proportion,  cancelling  the  common  fao 
tors,  observing  that  sin.  (A  +  B)  ^  sin.  E,  multipljing  extremes  and  meana,  and 
,.  ...  ^  .^„  //2.0DE.6in.DCE\ 

dmdmg,  we  get  DE  =^^_j_^^_-^-^| 

(515)  The  first  formula  is  a  consequence  of  the  expression  for  the  area  of  a 
triangle,  given  in  the  first  paragraph  of  the  Ifote  to  Arl^  (fiO). 

(SIT)  The  reasons  for  the  operations  io  this  article  (whieh  are  of  very  frequent 
occurrence),  are  self-evidant, 

(51S)  The  espression  for  DZ  follows,  from  Art.  <6S),  Note.  The  proportion  in 
the  nest  paragraph  exists  because  triangles  having  the  same  altitude  are  as  tlieic 

(519)  Bj'coiistructiOD,GPC=the  required  content.  How,GPO  =  GDC,siiiee 
they  have  the  same  base  and  equal  altitudes.  We  have  now  to  prove  that 
mc  =  QDC.  These  two  triangles  have  a  common  angle  at  G  Henee,  they  are 
to  each  other  as  the  rectangles  of  the  adjacent  sides ;  i.  e., 

GDO:LMC::GCX  CD::LCxCM. 
Here  CM  is  unknown,  and  must  be  eliminated.    "We  obtwn  an  expression  tor  it 
by  meana  of  the  similar  triangles  LCM  and  LEP,  whieh  give 
1E:LC::EP  =  CD:CJL 
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_CDXLG 


Hence,  CM  ^ ""  rt'"^'    Substituting  this  value  of  CM  in  the  first  pi-njiurtioc, 
imd  eancelliog  CD  in  the  kat  two  terms,  ye  get 

GDC  :  LMC  : ;  GC  :  y^- 1  °t-'  GDC  :  LMC  : ;  GC  X  LE  :  LC. 
LC  =  (LH  +  nof  =  LH"  +  S  IH  X  HC  +  HC. 

EK"-  Eff  =(HE+EC)  (HE-EC)  =I-IC  (HE-EC), 
Also,  GC=2HC;  andLE  =  LH  +  EE. 

Substituting  these  values  in  the  last  proportion,  it  becomes 

GDC  :  LMC  ; :  2 .  IIC  (LH  +  HE) :  HO  (HE  —  EC)  +  S  LH  X  HC  +  HC 
::  2LH  +  2HE        ;  HE  — EC -j- 3  LH  +  HC. 

:  HE  — EC  +  2  LH  +  HE  +  EC. 
:  2  HE  +  2  LH. 
The  last  two  tei'rtis  of  tliis  proportion  are  thus  proved  to  bo  equul.    Therefore,  the 
first  two  terms  are  elm  equal ;  i.  e.,  LMC  =QDC  =  the  required  content. 

Since  HK  =  y/  (HE'  —  EK'),  it  will  have  a  ncgativB  as  well  as  a  positive  value. 
It  may  therefore  be  set  off  in  the  contrary  direction  from  L,  i.  e.,  to  L'.  The  line 
drawn  from  L'  through  P,  and  meeting  CB  produced  beyond  B,  will  part  off  an- 
Bther  triangle  of  the  required  content. 

(520)  Suppose  the  line  LM  drawn.  Tlien,  by  Art.  (85),  Note,  the  required 
content,  c  =  i  ■  CL  X  CM .  sin.  LCM.  This  content  will  also  equal  the  sum  of  the 
two  triangles  LCP  and  MCP ;  i.  e„  n  =  ^  •  CL  X  J>  +  ^  ■  CM  X  ?.    The  first  of 

tioii,  we  have 


— tTtiV     Substituting  this  in 


Whence, 
Transposl 


ip.CL'.  Bin.  LCM  +  ej  =  c .  CL .  sin.  LCM. 
g  and  dividing  by  the  coefficient  of  CL',  we  get 
CU— — .CL  = 


p. I 


1,  CLM' 


CL 


p^Y     \p'      y.  sin.  LCM./ 


Tf  ti\e  given  point  is  outside  of  the  lines  CL  and  CM,  conceive  tlie  desired  line 
to  be  drawn  from  it,  and  another  line  to  join  tlie  given  point  to  the  corner  of  the 
field,  Then,  as  above,  get  expressions  for  the  two  triangles  thus  formed,  and  put 
their  anm  equal  to  the  expression  for  the  triangle  which  comprehends  iliem  botli, 
and  thence  deduce  the  desired  distance,  nearly  as  above. 


(532)  The  difference  <;,  betn 
the  lequired  line  CD,  is  equal  to 

By  Art.  (65),  Note,  the  triangle  APC  =  ^-AP"- 
Bimitarly  the  tiiangk  EPD  =  ^  ■  BP 


le  AB.  ai 


(B  +  P)- 
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By  the  espresaoa  for  sin.  [a  +  b)  [Trigonometry,  Art.  (8)],  we  have 
J — 1  J  pi. Bin.  A  .  ein.  P gin.  B.bid.P 

DiviJidg  «Kch  fraction  by  iis  numerntor,  aod  remembering  that   .        ^  cot,  a.  wa 

have  -^AP jBP 

~  cot.  F  +  cot.  A      cot.  F  +  cot.  li* 
Foroouvcuienoe,  letji=cot.P;  a  =  cot.  A;  and  i  =  cot.  B.    The  sbove  equnUoE 
will  t}icn  read,  multiplying  both  sides  by  2, 

p+a      p+b 
Cleaiing  of  fraetions,  we  have 

idp'+2dap  +  2dbp  +  2dab=p.AV^+b.AV^  —  p.SF'~'a.-BP' 
Transposing,  dividing  through  by  2  ij  and  separating  into  factors,  ivo  gtt 
,    /     ,   .      AF'  — BF-X         S.AP'— a.BP" 
P^+{-  +  i-~Y-d-^)P  = U ''■ 

■eduoea  to  tlie  Eimplev  form 

(533)  Oonoeive  a  perpeudieular.  BF,  to  be  let  fall  from  B  to  the  required  line 
DE.  Let  B  represent  the  angle  DEE,  and  (5  the  unknown  angle  DBF.  The  angle 
BDF  =  90'— ^;  and  the  angle  BEF  =  SO"  — (B  —  ;5)  =  90"  — B  +  ;?.  By  Art. 
(65),  Note,   the   area  of   the  triangle   DBE  =  i   DW  .  ^'"'  ^^^  "  ^'"'  ^^°  - 


i  .  DE'  ■ 


ilciice,     DEi  = 


-g)ain.(90°-B  +  fl) 


eiu.  (BDE  +  BED)    ' 


_3  X  DBEX  sin.B 


sin.(0O'  — ^).9in.  (90°  — B+JJ)  coa.;?.ooa.  (B  — /3)' 
Now  in  order  that  DE  may  be  the  least  possible,  the  denominator  of  the  last 
fraetion  must  be  the  greatest  possible.  It  may  be  tmneCormed,  by  tie  fomiulii, 
cra.a.co3.  i  =  i  COS.  {a+6)  +  J.coa.  (o  — 6)  [Trigonometry,  Ait  (S)  ],  into 
J  cos.  B  +  J^ .  COS.  (B  —  23).  Since  B  is  constant,  the  yalne  of  thia  espression  de- 
pends on  Ha  second  term,  and  that  will  be  tlie  greatest  possible  when  E  —  g  j?  =  o, 
in  which  case  i^  ^  }  6. 

It  hence  appears  tliat  the  required  line  DE  is  perpendicular  to  the  line,  EF, 
which  bisects  the  given  angle  B.    Thia  gives  the  direction  in  which  BE  is  to  be  run. 
Its    starting   point,    D    or   E,    is    found  thus.      Tlie   area    of   tlie    triaiieio 
DBE  ^  I  BD .  BE  .  ein.  B.    Since  the  triangle  la  isosceles,  this  becomes 

DBE  =  4  BD'.  Bin.  B;  whence  BD  =  |//^^). 

DE  ia  obtained  from  the  exproasion  for  DF.^,  wliidi  becomes,  making  j3  =  J  B, 
rP_^XDBEX.in.B.  ^,^^^^^^  ^^^V(2.DliE.sin.  B) 
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(594)  Let  n  =  Yalue  pel'  iici-e  of  ons  poction  of  tlie  lauii,  aud  •>  fhiit  of  tlie 
other  portion.  Let  x  i=;  the  "ividtli  required,  BC  or  AD.  Then  the  vnlue  o( 
BGFE  =  0  X  ^  ^■■"?  and  tlie  value  of  ADFE  =  i  X  ^"Tn"' 

Putting  the  eura  of  these  equal  to  the  ralue  required  to  be  parteJ  off,  we  oljta'iu 
value  required  X  10 
'""aXBE  +  iXAE' 

(525)  All  the  conetruetioua  of  tliis  ai'tiele  depend  on  the  equLvnlcncy  of  trinn- 
glas  irliieli  have  equal  bases,  and  lie  between  parallels.  The  leagth  of  AD  ia  de- 
rived from  the  area  of  a  trmngle  being  equal  to  its  base  by  half  its  altitude. 

(Sa"?)  Since  pimilur  triangles  are  to  each  other  as  the  squares  of  thejv  homol* 
gous  sides, 

ABC  :  DBE  : :  AE'' :  BD' ;  whence  BD  =  AB  i/  5_^  =  aB  j/    ^    ■■ 

The  oonatruotion  of  Fig.  883  is  founded  on  the  proportion 

BF:BG  ::BG:BA;  when  BD=!BG  =  v' (BA  X  BF)  =  BA  i/—^^^ — . 

(52S)  Bj  hypotliesie,  AEF  :  EFBC  : :  w  :  « ;  whence  AEF  i  ABC  -.-.m-.m  +  n 

aud  AEF  =  ABO^^^  =  ^^~-—  -jjp^.      Also,  AEF  =  J  ■  AE  X  EF. 

DR  V  AR 
The  timilar  triangles  AEF  and  ABD  give  AD ;  DB  :  i  AE  :  EF  =  — -A^'.    -phe 

second  expression  for  AEF  then  becomes  AEF=^  i  AE  ■ — — .    Equating 

this  with  the  other  value  of  AEF,  we  have 

AaxDB        m     ^  AF.'  x  DB  _  ^     // ^  to     \ 

2'     'm  +  n  2.AD      '         ^  f   \  '^vi  +  nf' 

(530)  In  Fig,  S66,  thu  triangles  ABD,  DEC,  having  tiie  EHme  altitude,  are  tc 
each  other  as  their  bases. 

In  the  nest  paragraph,  wo  have  ABD  :  DBG  ; ,  AD  :  DC  : :  m  :  n  ;  whence 
AD  :  AC  : :  m  :  m  +  !i ;  and  AC  :  DC  ; :  m -\- n  :  n ;  whence  tha  espreasiona  for 
AD  and  DC. 

In  Fig.  867,  the  expreaaion  tor  AD  isg-iven  by  the  proportion  AD  \A,C::m:m-]-  n. 
Similarly  for  DE,  and  EC. 

(531)  In  Fig.  868,  eonoeive  the  line  EB  to  be  drawn.  The  triangla 
AEB  =  ^ABC,  liBTing  the  same  altitude  and  half  the  base;  and  AFD  =  AEB, 
Decanse  of  the  equivalency  of  the  triangles  EFD  and  EFB,  irhich,  with  AEF,  maira 
up  AFD  and  AEB. 

The  point  F  is  fised  by  the  similar  triangles  ADB  and  AEF 
The  expression  for  AF,  iu  the  last  paragraph,  is  given  by  Mie  proportion, 
ABC  ;  ADF : :  AB  X  AC  :  AD  X  AF ; 


whence,  AF  = 


B  X  AC 


te  being  equal  to  the  product  of  their  altitudes  by 
ins  in  Fig.  863  and  Fig.  370  follow  therefrom. 
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(533)  In  Fig.  sn,  ooooeiye  the  line  BL  to  he  drami.  The  ti'iangle  ABL  will 
he  a  third  of  ABO,  haying  tba  esme  altitnde  aud  one-tMrd  the  baas  ;  end  AED  i? 
equivalent  to  ABL,  because  ELB  =.  ELD,  and  AEL  is  common  to  both.  A  similar 
proof  applias  to  DOG. 

(534)  In  Fig.  872,  fbe  four  smaller  triangles  are  ciataallj  et[uiyalent  because 
of  tliaii-  equal  baaea  and  altitudes,  two  pairs  of  tham  lying  between  parallels. 

(635)  In  Fig.  818,  conceive  AE  to  be  drawn.  The  triangla  AEO  =  t.ABC, 
having  tlie  aama  altitude  and  half  the  base ;  and  EDFC  =  AEO,  because  of  the 
common  part  ;FEC  and  the,  equivalency  of  FED  and  FEA. 

(536)  In  Fig,  814,  in  additiijn  to  the  lines  used  in  the  pvoblem,  draw  BF  and 
DG.  The  triangle  BFC  =  i  ABO,  havbg  the  aame  altitude  and  half  Iba  base. 
Also,  the  triangla  DFG  =  BFB,  because  of  tha  parallels  DF  and  BG.  Adding  BFC 
to  each  of  these  triangles,  we  have  DCG  =  BFO=iABa  "Wa  ha.Tethento 
prove  LMO  ^DCG.  Thia  is  done  precisely  as  in  the  democatration  of  Ai't,  (519). 
page  402. 

(537)  Let  AE  =  K,  ED  =  i(,  AH  =  a:',  HF  =  y',  AK  =  a,  KB  =  i. 

The  quadrilateral  AFDE,  equivalent  to  J  ABC,  but  which  we  will  represent 
generally,  by  in',  is  made  np  of  the  triangle  AFH  nnd  the  trapezoid  FHED. 

.-.  AFDE  =  m' =  *.  a^y  +  i  (a^ -«■)  (jf  +  J,')  =  i  c(  (;/  +  /)- i  »;V- 
The  similar  triangles,  AIIP  and  AKB,  givo 


Substituthig  this  value  of  y'  ii 


-  "(a-w'  — g,'/)_AK(jAEO  — AEXED) 


KB  X  AE  — AKXED' 

The  formula  is  general,  whatever  may  be  the  ratio  of  tha  area  ih'  to  that  ol 
the  triangla  ABC. 

(53§)  In  Fig.  816,  FD  is  a  line  of  division,  because  BF  =  fha  ti'iaugle  BDF 
divided  by  half  its  altitude,  which  gives  its  base.    So  for  the  other  triangles. 

(530)  In  Fig.  311,  DG  is  a  second  line  of  diviaon,  because,  drawing  BL,  tha 
triangle  BLC  =  J  ABC;  and  BBGO  ia  equivalent  to  BLC,  because  of  the  common 
part  BOLD,  and  tha  equivalency  of  the  triangles  DLG  and  DLB. 

To  prove  that  DF  is  a  thh^i  line  of  division,  join  MD  and  MA  Then 
BMA  =  JB6A.  FromBMA  take  MFA  and  add  its  equiralant  MFD,  and  we  have 
MDFB  =  iBGA  =  ^(ABDG  — BDG)  =  i(§ABG  — BDG)  =  iABC— J-BDO. 
To  MDPB  add  MDB,  and  add  its  equivalentj  i  BDG,  to  the  other  side  of  the  equa- 
tion, and  we  hava 

MDFB  +  MDB  =  iABC  — iBDG  +  iBDG;  oi-,  EDF  =  J  ABC. 

(540)  In  Fig.  S7S,  the  triangle  AFC  =  i  ABC,  having  tlie  same  base  and  one. 
Uiird  the  altitude.  The  triangles  AFB  and  BFC  are  equivalent  to  each  other, 
each  being  composed  of  two  triangles  of  equal  bases  and  altitudes ;  and  e^ch  ii 
therefore  snethird  of  ABC. 
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In  Fig.  379,  AFC  :  ABC  : :  AD  ;  AB;  einec  these  two  triangles  Iiavo  tlie  eommnc 
base  AC,  and  tbeip  altitudos  ai'e  in  Uie  aboTe  ratio.  So  too,  EFC :  ABC : ;  BE  :  BA. 
Heiioe,  the  remainipg  triangle  AFB  :  ABC  ; :  DE  :  AB. 

(541)  By  Art.  (66),  K"ot«,  ABC  =  4  AC  X  CB  X  sin.  ACB.  But  the  angle 
ACB=ACD+DCB  =  |  (180°— ADC)+i  (180°— CDB)  =  180''-i  (ADO+CDB). 
Hence,  ABO  =  i  AC  X  CB  X  sin.  J  (ADC  + CDB)  =  i  AC  X  CB  X  ein.  JADE 

Let  f  =  DA  =  DB  =  DC.  Since  AB  ia  the  eliord  of  ADB  to  the  radius  r,  and 
therefore  eijual  to  twice  the  eine  of  half  that  angle,  we  hare 

Also,  wnce  the  area  of  eact  of  the  tlii-ee  small  triangles  equals  half  t!ie  pi-oduct  of 
the  two  eijual  sides  into  the  biuo  of  the  included  angle  at  D,  these  triangles  will 
be  to  each  other  as  the  einos  of  those  angles.    Tlieea  angles  are  found  tliua  ; 

.in.JADB  =  -|?,  *.lBDO=5?;i.lADO  =  |5. 

(543)  The  fotmulaa  in  this  article  are  obtained  bj  sabsiitubing,  in  those  of  Art. 
(528),  for  the  triangle  DEE,  its  eqniyalent  ■■■■'"—  X  i  AB  X  EC  X  sin.  B. 
BD  thus  becomes  =  ^(;~  ■  ^^XBOXsin^^  ^  ^^^_m_^^^^^^^  . 

(543)  The  rule  and  example  prove  thomselvea. 

(544)  In  Fig.  838,  conceiye  the  sides  AB  and  DC,  produced,  to  meet  In  soma 
point  P.  Then,  by  reason  of  the  similar  triaugles,  ADP  :  BCP ::  AD=  :  BC 
wlienoe.  bj  "  division,"  ADB  —  BCP  =  AECD  :  BCP : :  AD'  —  BC :  BC. 

lu  like  manner,  comparing EFP  andECP,  we  get  EBCP  :  BCP  : :  E1!^-BC" :  BC=- 
Combining  these  two  proportions,  we  have 

ABCD :  EBCF  : :  AD'  —  BC  :  EF'  —  EC ; 
or,  m  +  n:  m::  AB^  —  BC  :  EF'  — BC. 

Whence^  (m  +  m)  EP"  — m.BC  — n  EC  =  m  .  AD' —  m  .EC"- 

■■■B=i/{""'ZXi'""'y 

kUo,  froTU  the  similar  triangles  formed  by  drawing  BL  pai'aliel  fo  CD,  we  have 


(545)  Lot  I3EFC  =  — ^  ■  ABOD  =  a;  let  BC=5;  BH  =  «;  ai 
AD  — 80  =  0.  Also  let  BG  =  I ;  and  EF  =  J.  Draw  BL  parallel  to  CD.  Bysu 
ilar  triangles,  AL  :EK  :;  BA  ;  BE  ; :  BH  ;  BG;  or,  AD-BG  :EF-IiO  ■ :  BH  :B( 

■.  e    <;■     _J--ft-a,-  whenoeic=^-^?^^' 

Also,  tlie  area  BEFC  =  a  =  J  .  BG  (EF  +  BC)  =  J  a:  (j,  + 1) ;  wlience  y  =s  — - 
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Sutitituting  this  ya.lu«  of  y  in  the  expression,  for  x,  ami  reduelHg,  wo  obtain 


=-?±/(- 


Tlie  second  proportion  abote  gireay  —  i^_;  -wlieuoo  y=:i  +  y  -a:, 
EepLaciDg  tlia  Bymbols  by  their  lines,  vie  get  the  formulae  iu  tbe  text. 

(54fl)  AEEF=iABCD.  Eut  AERP  =  ABEF,beoaiiee  of  the  common  part 
ABRF,  and  tlie  triangles  FRP  and  PRE,  which  make  up  the  two  figurea,  and 
whicli  are  equivalent  beoanae  of  the  parallels  FR.  and  PK    So  for  the  otlier  parts, 

(54?)  The  trntl!  of  the  foot-note  is  evident^  ainca  the  first  line  biaecta  tiia  tra- 
peKoid,  and  any  other  line  drawn  through  ita  middle,  and  meethig  tie  parallel 
eidea,  adds  one  ti'langle  to  each  half,  and  takes  away  an  equal  triangle  ;  and  thus 
does  cot  disturb  the  equiralency. 


■     I     •  •  ABCD  =^  ■ — -j- {n  —  a'}.     Hence  tlie  above  proportion  becomen 

{ni  +  n)  a  :  ma +  >!«■  ■.-.GJS'-.GK'':  vtii^nee  GK  ■■=:  GK  i/ (^^^~Y 

GE  is  given  by  tlic  proportion  GH  :  GK  : :  GA  :  GE  =  GA  .  ~. 
In  Fig.  S86,  the  divisioii  into  p  parta  is  founded  on  the  same  principle, 
liiangle  EFG  =  GBC  +  EFCB  =  a'  +  ^.    Kow  ADG  :  BFG  : ;  AG= :  EG' ; 


■"^"■^"/(Sl)- 


D-         o'  +  Q:o'+2;:AG":EG';  v 
GL  ia  obtained  by  takiag  the  triangle  LMG  ^  a'  +  —  ;  and  so  for  the  rest. 

(553)  In  Fig.  B90,  jom  FO  and  GO.  Eacanse  of  the  parallels  CA  and  BF,  tlia 
triangle  FCD  will  be  equivalent  to  the  quadrilateral  ABCD,  of  which  GCD  will 
therefore  be  one  half ;  and  because  of  the  parallele  GE  and  CH,  EIIDC  will  he 
equivalent  to  GCD. 

(553)  In  Fig.  391,  by  drawing  certain  lines,  the  quadrilateral  can  bo  divided 
into  three  eqaivaleut  parts,  each  composed  of  an  equivalent  trapezoid  and  an 
equivalent  triangle.  These  three  equivalent  parts  can  then  ba  transformed,  by 
means  of  the  parallels,  into  the  tliree  equivalent  quadrilaterals  shown  in  th« 
figure.    Tlie  full  development  of  the  proof  ia  left  aa  an  exercise  for  the  student. 

In  Fig.  393,  ilraw  CG.  Then  CBG  =  J  ABCD.  ButCKQ  =  CQQ.  Thereforc- 
CKQE  =  i  ABCD.    So  for  the  other  division  line. 

(556)  The  division  of  the  base  of  the  equivalent  triangle,  divides  tlie  polygop 
eiinilarly.  The  point  Q  results  from  the  equivalency  of  the  triangles  ZBF  and  ZBQ 
PQ  being  parallel  to  BZ. 
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APPENDIX    C. 


INTRODirCIIOBT   TO   LEVELtlNQ. 

(I)  The  Principles.  Levellisq  is  the  ail;  of  finding  how  miidi  one  poiul 
is  higher  or  lower  tlian  another;  i.  e,,  how  much  one  of  ths  points  ia  above  or  below 
a  ]«vel  line  or  surface  trbicb  paesea  tbroagh  the  other  point 

A  level  or  horizonlel  line  is  one  ■which  is  perpendicular  to  tha  dii-ecfjon  of  grav- 
ity, as  indicated  by  a  plumb-lina  or  Eimilar  meana.  It  is  therefore  parallel  to  the 
Eorface  of  standing  water. 

A  leoel  or  horizontal  rarface  18  defined  m  t!ie  same  wey.  It  will  be  determined 
by  two  level  lines  which  iiitarsect  each  other.* 

Levelling  may  be  named  Veetioal  Subveying,  or  Up-aad-doaa  Buriifyzng ;  Uie 
Bnbject  of  the  preceding  pages  being  Horizontal  Surveying,  or  Bigkt-and'ieft  and 
Fore-and-aft  Swrveyiitg, 

All  tha  methods  of  Horizontal  Surveying  may  be  used  in  Vertical  Surveying. 
The  one  which  will  he  hriefty  sketehed  here  cotcespondB  precisely  to  the  method 
of  "  Sacveying  by  offsets,"  founded  oa  the  Second  Method,  Art  (6),  "  Eectangular 
Co-ordinates,"  and  folly  explained  in  Aria.  (114),  Ac. 

The  operationa  of  levelling  by  this  method  consist,  firstly,  in  obtaining  a  lave! 
line  or  plane  ;  and,  secondly,  in  measnring  how  far  below  it  or  above  it  (usually 
the  forinei')  are  tha  two  points  whose  relative  heighta  are  required. 


Itivel 


Fig.41B. 


(2)  TEie  Ineti'umenls. 

line  may  be  obtaioed  by  the  following  ,t^- 1- 
simple  instrnment,  called  &  "  Plurnb-lhie 
level"  Fastea  together  two  pieces  of 
wood  at  right  angles  to  each  other,  so  as 
to  make  a  T,  and  draw  a  line  on  the  up- 
right one  so  as  to  he  exaelly  perpendicu- 
lar to  the  top  edge  of  the  other.  Suspend 
a  plumb-liae  as  in  the  figure.  Hi  the  T 
against  a  staff  stuck  in  the  ground,  by  a 
ecrew  thi-ough  tha  middle  of  the  eros9- 
Diece.  Torn  the  T  till  the  plumb-line 
exactly  covers  the  line  which  was  drawn. 
Then  will  the  upper  edge  of  the  oross-pieee  be  a  level  line,  flJid  the  eya  can  sight 
across  it,  and  note  how  far  above  or  helow  any  other  point  this  level  line,  pro- 
longed, woold  strike.  It  will  be  easier  to  look  across  sights  fixed  on  each  end  of 
the  cross-piece,  making  them  of  horsehair  stretched  across  a  piece  of  wire,  bent 
mto  three  sides  of  a  square,  and  etuei  into  each  end  of  the  crose-pieoa  j  taking  ear* 
^hat  tiie  hairs  are  at  exactly  equal  heights  above  the  apper  edge  of  the  erosa-pieee, 

•  Certain  amsll  corfecdons,  to  bo  harsaflcr  asplainefl,  will  Ija  ignored  ia  the  pMBont,  and  w« 
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A  modification  of  this  is  to  fasten  a  common  I"'e-  *11' 

carpenter's  square  in  a  slit  in  the  top  of  a  etaff,     7^— 
by  means  of  a  Borew,  and  then  tie  a  plumb-line 
nt  the  angle  so  that  it  may  hang  beside  one  arm. 
When  it  baa  been  brought  to  do  so,  by  turning 
(lie  square,  then  the  other  arm  will  be  level. 

Aoolher  simple  inBti'ument  depends  upon  the 
Drindple  that  "water  always  finds  its  level," 
corresponding  to  the  second  part  of  our  defini. 
tioa  of  a  level  line.  If  a  tube  be  bent  up  at  each 
end,  and  nearly  filled  with  water,  the  aurfiice  of 
the  water  in  one  on3  will  always  be  at  the  same 
lieigkt  as  that  io  tie  other,  howeyei"  tlie  position 

of  the  tube  may  vary.     On  this  truth  depends  the  "  Water-level"    It  l 
easily  constructed  with  a  tube  of  tin,  lead,  copper,  &g,  by  bending  up,  i 
englc^  an  inch  ov  twi 
and  euppovfjng  the    tube, 
flexible,  on  a  wooden  bar.    Ii 
ends    cement  (with   putty,    twine 
dipped  in  white-lead,  Ac),  thin  phi- 
als, with  their  bottoms  broken  oS, 
BO  as  to  leave  a  free  communication 
between  them.    Pill  the  tube  and 

the  phials,  nearly  to  tlieir  top,  with  colored  water.  Blue  vitriol,  or  cochineal, 
may  be  Tised  for  coloring  it  Cork  their  mouths,  and  fit  the  instrument,  by  a 
steady  but  flesible  joint,  to  a  tripod.  Figures  of  joints  are  given  on  page  134,  and 
ot  tripods  on  page  138. 

To  use  it,  set  it  in  the  desired  spot,  place  the  tube  by  eye  nearly  level,  remove 
the  corks,  and  the  surfaces  of  the  water  in  the  two  phials  will  come  to  the  some 
level  Stand  about  a  yard  behind  the  nearest  phial,  and  let  one  eye,  the  other 
being  closed,  glance  along  the  right-hand  side  of  one  phial  and  the  left-hand  side 
of  the  other.  Raise  or  loijer  the  head  fill  the  two  surfaces  seem  to  coincide,  and 
this  line  of  sights  prolonged,  will  give  the  level  line  desired.  Sights  of  equal 
height,  floating  on  the  water,  and  rising  above  the  tops  of  the  phials,  would  give 
a  better-defined  line. 

The  "  Spint-kveV  consLsts  esBentially  Fig.4iS. 

of  a  curved  glass  tube  nearly  filled  w"  ' 
alcohol,  but  with  a  bubble  of  air  1 
within,  which  always  seeks  the  highest 
epot  in  the  tube,  and  will  therefore  by 
its  movements  indicate  any  change  in 
the  position  of  tlie  tube.  "Whenever  the  bubble,  by  raising  or  lowering  one  end, 
has  been  brought  to  stand  between  two  marks  on  the  tube,  or,  in  case  of  eiipnn- 
BJon  or  confi'aotion,  to  extend  an  equal  distance  on  either  side  of  them,  the  bottom 
of  the  block  (if  the  tube  be  in  one),  or  sights  at  each  end  of  the  tube,  previously 
properly  adjusted,  will  be  on  the  same  level  line.  It  may  be  placed  on  a  board 
fixed  to  the  top  of  a  staff  or  tripod. 

When,  instead  of  the  sights,  a  telescope  is  made  parallel  io  the  level,  aud  varl 
ons  contrivances  to  increase  its  delicacy  and  accuracy  are  added,  the  instrumeui 
becomes  the  Engineers  spii'it-ieveh 
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The  Practke, 


nuns  a  li3vel  lino 
it  are  identical 
e  will  sQpjKiiie  it 


FiH.  *19. 


(3)  I'll©  Practice     Bj  whioiieyer  of  ttese  various 
nas  been  obtamsd,  the  aubseciueat  operations  in  making  use 
Binoo  the  "  water-level"  is  easily  matle  and  tolerably  aooutate, 
to  ba  emplojefl.    Let  A  and  B,  Fig. 
419,  represent  the  two  points,  tha 
difference  of  the  heighta  of  which  is 
required.     Set  the   instrument  on 
any  spot  from  which  both  the  points 
can  be  seen,  and  et  snch  a  height 
that  the  level  Jioe  will  pass  above 
the  highest  one.    At  A  let  an  assist- 
ant hold  a  rod  gi'aduated  into  feet^ 
tenths,  Ac.    Turn  the  ii 
wat^ds  the  ataf^  sight  along  the  level 
line,  and  note  what  difieion  on  the 
staff  it  strikes.    Then  send  the  staff 

to  B,  direct  the  instrument  to  it^  and  note  the  height  observed  at  that  pouot.  II 
the  level  line,  prolonged  bj  the  eye,  passes  2  feet  almve  A  and  B  feet  above  B.  the 
difference  of  their  heights  is  4  feet.  The  absolute  height  of  the  level  line  itaalf  is 
a  matter  of  indifference.  The  rod  may  carry  a  tai^et  or  plate  of  iron,  olasp»4  to 
it  BO  as  U>  slide  up  and  down,  and  be  fisad,  at  will.  This  target  may  be  variously 
painted,  most  simply  with  its  upper  half  red  and  its  lower  half  white.  The  hori- 
zontal line  dividing  the  colors  is  tlie  line  sighted  to,  the  target  being  moved  np 
or  down  till  the  line  of  sight  strikes  it.  A  hole  in  the  middle  of  the  target  shows 
what  division  on  the  rod  coincides  with  the  horizontal  line,  when  it  has  been 
brooght  to  the  right  height. 

If  the  height  of  another  point,  C,  Fig.' 420,  not  visible  fi'om  the  first  station,  bt 
requii-ed,  set  tlie  instrument  so  as  to  see  B  and  C,  aud  proceed  exactly  as  with  A 
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If  0  b 
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were  found  i 

lieight  of  a 

one  of  them, 

Tlio  begiciT 


1  foot  below  B,  as  in  the  figure,  it  will  be  B  fei 
J  7  feet  above  B,  it  would  be  3  feet  above  A. 
3a  of  any  number  of  points,  can  thus  be  found  ir 


practice  of  levelling  may  advantageously  mate  in  his  uote- 
akefch  of  the  heighta  noted,  and  of  the  distances,  putting  down  each  as  it 
Is  obsei'veJ,  and  imitating,  as  nearly  as  Iiis  Qocuriicy  of  eye  will  permit,  their  pto- 
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portional  dimensions.*  liut  when  the  observationa  are  numerous,  they  sliould  ba 
kept  in  a  tabular  fovm,  sucb  aa  that  wbieh  is  given  below.  The  naniea  of  tlia 
pointa,  or  "  Stations,"  whoEB  heights  are  demaaded,  are  placed  in  tha  first  column ; 
and  their  heights,  as  finally  ascertained,  in  reference  to  the  first  point,  in  tlie  last 
Golumn.  Tha  Leiglits  above  the  starting;  point  are  marked  4-i  "nd  those  belov  it 
are  marked  — .  Tha  baok-sigbt  to  any  elation  is  placed  on  the  line  below  the 
point  to  whieh  it  refers.  When  a  back-sight  exceeds  a  fore-eight,  their  difference 
is  placed  m  the  column  of  "Eise  f  when  it  is  lesa,  their  difference  is  a  "Fsll." 
The  following  (able  represents  tlie  same  obseryataona  as  the  last  figure,  and  their 
careful  compariaoa  will  explnin  any  obscurities  in  either. 


Statl™, 

Di.t.nc.^ 

Baok-algbls. 

Fnro-slghts. 

P.i™. 

Fall. 

Total  Hcigbla 

A 

0.00 

100 

2,00 

e.oo 

-4,00 

0 

60 

-l.OC 

-6.00 

D 

2,00 

1,00 

+  l,.s 

-4.00 

E 

4-5.0C 

+  1.00 

F 

50 

2,00 

e,oo 

-4.00 

-  3.00 

15.00 

18,00 

-  S.00 

Tlie  above  table  shows  that  B  is  4  feet  below  A ;  tlia,t  C  is  B  feet  below  A ;  that 
E  is  1  foot  above  A;  and  so  on.  To  test  the  calculations,  add  up  tha  back-siglita 
and  fore-sights.    The  difference  of  tlia  sums  should  equal  the  last  "  total  height." 

Another  form  nf  the  levelling  field-book  is  presented  below.  It  refers  to  the 
tame  stations  and  levels,  noted  in  the  previous  form,  and  shown  in  Fig,  420. 


St^o.. 

DUt^nce. 

Bnck-sigl.ti 

Htlnst.abovoDatum.l 

A 

B 

100 

2.00 

+  3.00 

C 

60 

3.00 

-  1.00 

D 

40 

2.00 

-s.oo 

E 

TO 

6,00 

+  2.00 

+ 

F 

50 

2,00 

+  S.0O 

1S.00 

In  the  above  form  it  will  be  seen  that  a  new  Colum     la  g 

the  Height  of  tha  Instrument  (i.  e.,  of  its  line  of  sigh  )  g 

where  it  stands,  but  above  the  Datum,  or  starting-point       tb  T 

columns  of  "Eise"  and  "Fall"  are  omitted.    The  ab 

The  height  of  the  starting-point  or  "  Datum,"  at  A,  is  0.00.  The  instrument  being 
set  up  and  levelled,  the  rod  ia  held  at  A.  The  back-sight  upon  it  is  S.OO ;  there- 
fote  tha  height  of  the  instrument  is  also  2,00.  The  rod  is  next  held  at  B.  Tlie 
fore-sight  to  it  is  6.00,  That  point  ia  therefore  G.OO  below  the  instrument,  or 
2.00  —  6.00^  —  4.00  below  tha  datum.  The  instrument  ia  now  moved,  and  again 
let  up,  and  the  back-sight  to  B,  being  8.00,  tha  Ht,  Inat.  is  —4,00  +  3.00=— 1.00 
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mi  eo  on;  the  lit.  Inst  being  always  obtained  by  adding  tbe  bacli-siglit  to  iljo 
lieigiit  of  the  peg  on  wliieb  the  tod  is  Leld,  and  tlie  height  of  tie  next  peg  beins 
obtained  by  subtraoting  the  fore-Eight  to  the  cod  held  on  that  peg,  from  tlie  Hi.  Inst 

The  level  lines  given  by  these  instruments  are  all  lines  of  apparent  level,  and 
not  of  Inie  level,  whidi  should  curve  with  the  Bui'faee  of  tie  earth.  These  level 
lines  strike  too  high ;  but  the  difference  is  very  small  in  sights  of  ordinary  length. 
Iteiug  only  one-eigbth  of  an  inch  for  a  aght  of  one-eighth  of  a  mile,  mid  diminialiing 
as  the  square  of  the  distance;  and  it  may  bo  completely  compensated  by  setting 
llie  insti'nment  midwny  between  the  points  whose  diffBtante  of  level  is  desired ;  a 
pfecantion  which  should  always  be  taken,  when  possible, 

It  may  be  required  to  sliow  on  paper  the  ups  and  downs  of  the  line  wliioh  baa 
been  levelled ;  and  to  represent,  to  any  desired  scale,  the  heights  and  distances  ol 
tlie  vanons  points  of  a  line,  its  ascents  and  descents,  as  seen  in  a  side-view.  This 
19  called  a  "Pro^/^."  It  is  made  thus.  Any  point  on  the  paper  being  assumed 
for  the  first  station,  a  horizontal  line  is  drawn  through  it;  the  distance  to  the  next 
station  is  measured  along  it,  to  the  required  scale  ;  at  the  terminiition  of  this  dis- 
tance a  vertioftlline  is  drawn;  and  the  given  height  of  the  saoood  station  above  oi 
below  the  £rst  is  set  off  on  this  vertical  line.  The  point  thua  &:ed  determines 
the  second  station,  and  a  line  joining  it  to  the  first  station  represents  the  slope  of 
the  ground  between  the  two.    The  process  la  repeated  for  the  next  station,  Ac. 

But  the  rises  and  falls  of  a  line  aie  always  very  smnll  in  proportion  to  the  <^is 
tances  passed  over  ;  even  mountains  being  merely  as  the  roughnesses  of  the  rind 
of  an  orange.  If  t^e  instances  and  the  heights  were  represented  on  a  profile  to  the 
same  scale,  the  latter  would  be  hardly  visihle.  To  make  them  more  appai-ent  it 
is  usual  to  "exaggerate  the  vertical  scale"  ten-fold,  or  more;  i.  e.,  to  make  the 
representation  of  a  foot  of  height  ten  times  as  great  as  that  of  a  foot  of  length,  as 
in  Fig.  420,  in  which  ona  inch  represents  one  hundred  feet  for  the  distances,  and 
ten  feet  for  the  heights. 

The  preceding  Introduction  to  Levelling  has  been  made  as  brief  as  possible ,  but 
bjany  of  the  simple  instruments  described  in  it,  and  either  of  its  tabular  foi'ma,  any 
person  can  determine  with  suffiinent  precision  whether  a  distant  sprmg  is  higher  or 
lower  tlian  his  house,  and  how  much  ;  as  well  as  how  deep  it  would  be  necessary 
to  cut  into  any  intervening  hill  to  bring  the  water.  He  may  iu  like  manner  ascer- 
tain whether  a  swamp  can  be  drained  into  a  neighboring  brook ;  and  can  cut  the 
necessary  ditches  at  any  given  slope  of  so  many  inches  la  the  rod,  &o.,  having  thus 
found  a  level  line ;  or  he  can  obtain  any  other  desired  information  which  depends 
on  the  relative  heights  of  two  points. 

To  eiplain  the  peculiarities  of  the  more  elaborate  levelling  iastrgments,  the 
precautions  necessary  in  their  use,  the  prevention  and  correction  of  errors,  the 
overcoming  of  diffloultief^  and  the  various  complicated  details  of  their  applications, 
would  require  a  great  number  of  pages.  This  will  therefore  be  reserved  for  aa- 
(ther  volume,  as  announced  in  the  Preface, 
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MAGNETIC    VARIATIONS 

m  THE  UNITED  STATES. 

IFrom  a  Raport  by  C.  A.  SCHOTT,  Asaistent  U.  S   Coast  Survey],    SeeSillimi 
Journal,  Jlaj,  1860,  p.  335;  andU.  S,  Coast  Sarvey  Report  for  1859,  App.  24,  p.  m 
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.1343 

.1517 

.169. 

-1865 

4a 

43 
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TABLE    OF    CHORDS:     [Radius  =  1.0000].                           1 
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.3i34 

.3307 

■3479 

.365d 

3 

2099 

.2273 

.2446 

.2619 
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.3739 
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45 

46 

.2o5o 

.2  23^ 

.3397 
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.3091 
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TABLE   OF   CHORDS;    [Radius  =  1.0000]. 
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